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PREFACE 



The Father of English metallurgical literature has said,* 
" Of all the branches of Metallurgy that of which Silver 
forms the subject is the most extensive, the most varied, 
and the most complicated." It will, therefore, be obvious 
that in order to cover the ground embraced by such a 
wide subject within the modest compass allotted to this 
volume, it was necessary to condense and summarise to the 
greatest possible extent. It is, however, hoped that the digest 
now presented will be found to combine the requirements 
of accuracy and " up-to-dateness " with such measure of 
completeness as the limitations of space have permitted. 

As in the case of Part I. on "Lead," obsolete processes 
have received only casual mention, it being felt that the 
student of what may be termed "historical metallurgy" 
will do better to consult the pages of authorities who 
were more nearly contemporary with the processes they 
describe. The aim throughout has been to consider the 
subject from the practical standpoint of the working 
metallurgist; how far this attempt has been successful it 
is for working metallurgists to judge. 

Among others, the Chapters on " Hyposulphite Leaching 
Practice " and on " Blast Furnace Matting " will be found 
to contain information hitherto unpublished. There can, 
however, be little which is absolutely novel in a volume 
of this character, and the freest use has been made of 
* Preface to Percy's Metallurgy of Silver and Oold, Part I. , London, 1880. 



PEEPACE. 



published literature bearing on the subject so far as it 
has been available to the Author. The source of most of 
the contributions is given in the footnotes, but special 
indebtedness must be acknowledged to the works of 
Percy (already referred to), Schnabel {Handhuch der 
Metallhuttenkunde, Berlin, 1894), and Egleston (Metal- 
lurgy of Silver, Gold, and Mercury in the U.S., vol. i.. 
New York, 1887), to the Transactions of the American 
Institute of Mining Engineers, the Engineering and 
Mining Journal of New York, and the Columbia Oollege 
School of Mines Quarterly; as well as to those gentlemen 
referred to in the body of the work who have privately, 
and with the greatest kindness, supplied valuable details 
of actual practice. 

Errors have crept in here and there, principally through 
the fact that owing to distance it was not possible for 
the Author to see any of the proof-sheets. Some of 
these errors have been corrected in a list of " Errata," 
and for any which have remained undiscovered the 
Author begs the kind indulgence of his readers. 



HENRY F. COLLINS. 



MiNA DE Santa Fb, 

Chiapas, Mexico, 

December, 1899. 
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PART II— SILVER. 



SECTION I.— SILVER AND ITS ORES. 

CHAPTER I. 

PROPERTIES OF SILVER & ITS PRINCIPAL COMPOUNDS. 

Since the earliest times silver has been associated with gold 
as a " precious metal," and although of late years it has become 
depreciated in value, its usefulness for coinage and ornamental 
purposes has been maintained. 

Physical Properties — Colour. — Silver is the whitest of 
metals, and possesses a most brilliant lustre, which is unap- 
proached by any other metal, save, perhaps, lithium. 

hardness. — Silver figures at 990 on Bottone's scale,* and is 
therefore harder than gold, though softer than copper. 

Malleability and Ductility. — In these qualities silver is excelled 
only by gold. It can be hammered into leaves only y-jf^^ of 
an inch thick, and a single grain can be drawn into 400 feet 
of wire. 

Tenacity. — The tenacity of silver according to Baudrimont t 
is 17'27 tons per square inch at 0° C. 

Specific Gravity. — The specific gravity of rolled silver is at 
13-2° C. according to Matthiessen % 10-468. Cooke J determined 
that of cast silver at 0° C. to be 10-461. The finely-divided 

* Roberts- Austen, Introdxtction to the Stvdy oj Metallurgy, 4th edition, 
1898, p. 17. 
•^ Ann. de Chimie et de Physique [3], vol. xxx., p. 304. 
+ Percy, Metallurgy oj Silver and Gold, p. 4. 
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precipitate of silver thrown down by iron sulphate has, accord- 
ing to Rose, a specific gravity of 10'55 to 10-61. 

Fusibility and Volatility. — According to the best concurrent 
evidence the melting point of silver may be taken as 954° C* 
Silver is readily volatilised in the electric arc or under the oxy- 
hydrogen blowpipe ; and as pointed out by Stas and confirmed 
by Roberts and Lockyer,t its vapour is blue by reflected light. 
The exact temperature at which volatilisation begins is not 
known. According to Van Riemsdijk % there is sensible vola- 
tilisation at a temperature slightly above the melting point of 
copper (1054°), but the boiling point is certainly very much higher 
than the melting point of steel (1600°), probably indeed over 
2000° C. The volatility of silver, however, is no doubt much 
increased by its admixture with other volatile metals, such as 
lead, zinc, and antimony, and to this cause is partly due the 
presence of silver in flue-dust from roasting furnaces, the tem- 
perature in which is never high enough to sensibly volatilise 
pure silver by itself. 

When silver is melted and cooled slowly, octahedral crystals 
can be obtained. When melted in the air it absorbs twenty-two 
times its volume of oxygen, which is, however, given off on 
solidification. This phenomenon called " sprouting " is peculiar 
to silver which is nearly pure, comparatively small quantities of 
copper or of lead destroying its property of sprouting. 

Conductivity and Expansion. — The conductivity of silver both 
for heat and electricity is higher than that of any other metal. 
Silver is always adopted as the standard for heat conductivity, 
being called 100; the heat conductivities of gold and copper with 
reference to this standard are respectively 53'2 and 73'6. The 
standard now usually adopted for electrical conductivity is 
Hg at 0° 0. = 1 ; referred to which standard silver figures as 
57'23.§ Its coefficient of linear expansion between 0° and 100° 
is 0-0000192. 

Latent and Specific Heat. — The latent heat of fusion of silver 
is generally taken as 21-07. Its specific heat between 0° and 100° 
is, according to Dulong and Petit, 0-056. 

Other Conatantn. — The atomic weight of silver is 107-66, its 
atomic volume 10-2. 

Chemical Properties. — Silver undergoes no change when 
placed in water, or when exposed to pure air either wet or dry, 
nor is it afiected by caustic alkalies even in a molten condition. 
The tarnish formed on silver plate is caused by the presence of 
traces of sulphur compounds in the air, especially HjS. 

Silver is readily dissolved by nitric acid, but sulphuric acid 
only attacks it when concentrated and boiling. Hydrochloric 

* Roberts- Austen, op. cit., p. 177. 

\ Proc. Roy. Soc, 1875, vol. xxiii., p. 344. 

J Percy, op. cit., p. 6. § Roberts- Austen, op, cit., p, 73. 
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acid attacks the surface only, covering it with an impervious 
coating of chloride. Other acids do not attack it, but chlorinp, 
bromine, and iodine all do so, even in the cold, with formii- 
tion of the corresponding haloid compound. 

Alloys of Silver of Commercial Importance. — " In what- 
ever proportions silver and copper are melted together compara- 
tively homogeneous alloys are obtained, whether solidification 
takes place slowly or quickly."* Level's alloy (71-89 per cent, 
of silver) has, according to Eoberts-Austen,t a lower melting 
point than any other. 

The silver-copper alloys have been the subject of elaborate 
investigation by Roberts-Austen,}; and later by Heycock and 
Neville, § who have made very accurate determinations of their 
melting points. Osmond {| has shown that Levol's alloy is the 
true eutectic alloy of the silver-copper series. 

When alloys of silver and copper are roasted with free access 
of air both metals are oxidised, but the copper in much larger 
proportion than the silver. When roasted with salt, the silver 
is converted into chloride, the copper into black oxide, CuO. 
When melted with sulphur both metals are sulphurised, but the 
copper in much larger proportion than the silver. This process 
was suggested for refining the very base alloys formerly used in 
France and called "billon." If suflScient excess of sulphur be 
present, both metals are completely sulphurised and converted 
into a regulus. If the alloy be alternately treated with dilute 
sulphuric acid and exposed to the air, the copper goes into solu- 
tion as sulphate, while the silver remains as metal. 

Silver and Lead. — The alloys of these metals have been already 
described (Part I., p. 24). Lead has a powerful affinity for silver, 
and will remove it from all its salts and combinations with sul- 
phur, arsenic, antimony, &c., and even from its alloy with copper. 
Upon this last property was founded the now extinct "Saigern" 
or liquation process described in all old text-books. 

When silver-lead alloys are melted at a red heat with free 
access of air the lead is oxidised to litharge, while the silver 
remains unaltered. 

Silver and Bismuth.— BiWer alloys with bismuth in all propor- 
tions, and the latter metal may even be employed instead of 
lead for cupellation, though the ])rocess is then much slower 
and the loss of silver is stated to be greater than when lead is 
used. 

Silver and zinc alloy in very wide proportions. The alloys are 
white and do not readily tarnish ; those containing up to 25 per 

* Percy, op. cit., p. 150. i Joum. Soc. of Arts, Mar., 1897. 

t Proc. Roy. Soc, 1875, vol. xxiii., pp. 481, et seq., and Cantor Lectures, 
Society of Arts, Session 1897. 

%Phil. Trans. Roy. Soc, vol. clxxxix., 1897, p. 25, et seq. 
II Comptes Rendus, vol. cxxiv., 1'897, p. 1094. 
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cent. Zn are malleable ; with more than this amount they are 
brittle. The affinity of zinc for silver is so great that the former 
metal at a temperature a little above its melting point will 
remove silver from its alloy with lead. 

According to Alder Wright and Thompson there are two 
definite zinc-silver alloys, AgZuj and Ag^Zn,, the former of 
which is more soluble in lead than the latter, and is also more 
unstable when melted, resolving itself into free zinc and Ag^Zn^. 
The latter is quite stable in a molten condition, but is soluble to 
a considerable extent in molten lead. Fortunately, however, it 
is almost insoluble in lead which is already saturated with zinc, 
and upon this fact is based the almost universal Parkes process 
of lead desilverisation. 

Silver and Mercury. ^^iUer is readily dissolved by mercury in 
all proportions, forming "amalgams" of all consistencies from 
liquid to solid (according to the relative proportions of the two 
metals). 

A great number of amalgams have been prepared artificially, 
but all those which are fluid seem to be merely mixtures of the 
definite crystallisable compound, Ag2Hg2, with metallic mercury. 
It is probable that, as in the case of gold, the amalgam is not 
held in true solution, but merely in mechanical suspension. 
When liquid amalgams are squeezed through canvas or chamois 
leather the residue is always found to have about the same 
composition — viz., 43'7 parts of silver to 100 parts of mercury, 
corresponding, according to Joule, with the formula Ag2Hg2 + 4'6 
per cent, of free mercury. When silver is plunged into mercury 
" there is produced at the surface of the metal a very thin layer 
of amalgam, which arrests the ulterior action of the mercury"* 
and this is the reason why grinding is so necessary in the amal- 
gamation of silver ores, because the adherent film of amalgam is 
removed by the friction, and fresh surfaces of silver are exposed 
to the mercury. In the same way,, clean, siliceous sand assists- 
amalgamation, while clay and other substances which increase 
the viscosity of the pasty mixture hinder the amalgamation. 

Interesting triple alloys of Au, Ag and Bi and of Au,Ag and Pb 
have been found by R. Pearcef formed in octahedral crystals 
in the furnace treatment of rich ores of the precious metals. 

Other alloys of silver will be described in the volume on 
Alloys in this series. 

COMPOUNDS OF SILVER. 

silver Oxide, AgjO, as prepared by adding limewater to a 
solution of silver nitrate, is a deep olive-brown powder which 
blackens in sunlight, and the specific gravity of which is 7-143. 

* Percy, op cit., p. 180. t Proc. Golo. Sci. Soc, 1883 and 1885. 
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It may also be prepared by boiling freshly precipitated and still 
moist silver chloride with a strong solution of caustic potash of 
at least 1-25 specific gravity, grinding up the residue, re-treating 
in the same way, and washing. Prepared thus it is a deep black 
powder. 

When heated, it begins to lose oxygen at 250° C, and is 
generally supposed to be completely reduced to metal below a 
red heat, though this is disproved by the experiments of Deville 
and Debray. In combination with oxides of zinc, lead, copper, 
and manganese, however, it is no longer reduced by heat alone. 

Silver oxide is a strong base ; it is soluble in 3000 parts of 
water and the solution is a powerful oxidiser, acting at once on 
Hg (forming an amalgam) as well as on Zn, Cd, Sn, Pb, and Cu, 
but not on Fe, Ni, or Co. 

According to Berthier * finely-divided silver heated with OuO, 
PbgO^, or MnOg reduces these oxides to CugO, PbO, and MnO 
respectively, being itself oxidised ; and although, on raising the 
mixture to the melting point of silver, the greater part of the 
oxide is reduced again, a portion is still retained by the other 
metallic oxides. 

Silver oxide precipitates Hg from solutions of all its salts ; 
when the mercuric salt is in excess the precipitate consists of a 
basic double salt (sulphate or nitrate) ; but when the silver oxide 
is in excess the precipitate is chiefly composed of mercuric oxide. 
Salts of Cu, Ni, Pb, Cd, and Zn also give precipitates of the 
respective oxides. 

In spite of the decomposition of AggO at temperatures of 300° 
and upwai'ds there is little doubt that the brown powder pro- 
duced by the deflagration of silver wire by the electric current, 
as well as that produced when the metal is boiled under the 
oxyhydrogen blowpipe, consist of this substance. Its existence 
in litharge is also probable, though by no means certain. 
According to Wait, t in a rich litharge containing about 3 per 
cent, silver, from 18'6 to 19"25 per cent, of the silver is soluble in 
acetic acid, which certainly points to the existence of that metal 
in the oxide condition, as metallic silver itself is quite untouched 
by acetic acid, even in the most minute state of subdivision. 
The subject of the temperature at which silver oxide is decom- 
posable under difierent conditions requires further investigation. 

In most of the published data on the roasting of silver ores it 
is stated that the loss seemed to be greatest just before the 
completion of the roast, and it would seem, therefore, as if the 
loss only begins to be heavy when the decomposition of silver 
sulphide commences. After all the silver has been converted 
into the metallic condition there is little further volatilisation, 
and it would almost appear that the volatile compound must be 
some intermediate combination, perhaps a suboxide, which, 
* Percy, op cit., p. 19. t Trans. A.I.M.E., vol. xv., p. 463. 
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though dissociating almost immediately, remains stable long 
enough to volatilise. 

Silver Sulphide, AgjS, is found native as the mineral argen- 
tite. Silver readily combines with sulphur and decomposes HjS 
at ordinary temperatures. When clippings of silver and excess 
of sulphur are melted together the mass becomes incandescent, 
and forms silver sulphide, which is perfectly liquid but does not, 
like lead sulphide, permeate the crucible. Thus prepared, it is 
grey and crystalline, with a metallic lustre; it is sott, sectile, 
and moderately malleable. It may also be formed in the wet 
way. Molten silver sulphide is unaltered out of contact with 
air, but when heated with excess of air it is decomposed into 
metallic silver and SOg. 

Silver sulphide is insoluble in water, in solutions of caustic 
alkalies, alkaline carbonates and chlorides, hydrate and carbonate 
of ammonia, also in sodium thiosulphate (hyposulphite). It is, 
however, readily dissolved by KCy solutions, both hot and cold. 
Nitric acid readily dissolves it, forming nitrate of silver and 
liberating some free sulphur. It is not affected by dilute hydro- 
chloric and sulphuric acids, but is decomposed by the strong 
acids, liberating H^S and free sulphur respectively. The film of 
chloride formed on the unaltered sulphide in the former case 
hinders the further progress of the reaction. Molttn silver 
dissolves the sulphide in all proportions up to 19'5 per cent, of 
its own weight.* Alkaline sulphides dissolve it, the resulting 
mass being decomposed by water with separation of the silver 
sulphide as a black powder. Many other metallic sulphides 
also dissolve it in a molten condition, forming argentiferous 
"mattes"; while metallic silver and its haloid compounds are 
also converted into sulphides by their agency, the silver always 
entering the resulting matte as a sulphide. Upon this fact is 
based one of the most important processes of silver extraction, 
the so-called "matting process." 

Even in the condition of a moist precipitate, silver sulphide 
remains unaltered on exposure to air and moisture at ordinary 
temperatures. When a current of steam is passed over it at the 
constant temperature of 100° 0. metallic silver is liberated, with 
production of sulphuric acid and sulphuretted hydrogen,! accord- 
ing to the equation — 

4Ag2S + 4H2O = 8Ag + HzSOi + SHaS. 

At a red heat the sulphur of the silver sulphide is acted upon 
simultaneously by the oxygen and hydrogen of the steam with 
production of SO.2 and H^S, free sulphur being also produced by 
secondary reaction between these gases. 

Reactions of Metals on Silver Sulphide — Iron. — At a red 
heat iron in excess completely decomposes silver sulphide. In 
* Percy, loc. cit., p. 26. + Percy, loc cit., p. 28. 



PROPERTIES OF SILVER AND ITS PRINCIPAL COMPOUNDS. 7 

presence of water at the ordinary temperature no action takes 
place, but on the addition of a little HCl or H280^, which liberate 
nascent hydrogen, HjS is evolved and metallic silver set free. 

Zinc behaves like iron. 

Copper does not completely decompose silver sulphide when 
heated with it, for some silver sulphide remains in the copper 
sulphide, while the liberated silver alloys with part of the 
copper. With water silver sulphide is reduced by contact with 
copper, and the action is increased by the addition of metallic 
salts like ferrous sulphate or alum. 

Lead, like copper, only partially reduces AgjS at a red heat, 
but the decomposition is somewhat more perfect than in the 
case of copper. 

Mercury decomposes silver sulphide at ordinary temperatures 
when triturated with it, whether in presence of water or not. 
According to Malaguti and Durocher, quoted by Percy,* the 
decomposition of silver sulphide by mercury is much quicker 
than that of the chloride. This, however, may be easily explained 
by the different mechanical condition of the two substances ; 
silver sulphide is comparatively brittle and can be reduced to 
the condition of a very fine powder, while the chloride forms 
minute malleable clots or scales which obstinately resist com- 
minution ; the actual contact between the mercury and the 
chloride is, therefore, not nearly so perfect as in the case of 
the sulphide. 

The action of mercury on sulphide of silver is greatly increased 
by addition of solutions of ferrous sulphate, alum, or cupric 
sulphate. According to the authors above cited, the relative 
proportions of silver extracted under equal conditions are as 
follows : — with mercury alone 1 -00, with addition of alum 1 -34, 
of ferrous sulphate 1-80, and of cupric sulphate 2-83. 

Pyrargyrite (3Ag2S . Sb^Sg) and Proustite (3AgoS . As^Sg) are 
also acted upon by mercury similarly to silver sulphide, but the 
action is much slower. 

It is noteworthy that natural argentiferous sulphides of other 
metals are much less acted upon than plain silver sulphides. In 
the experiments of Malaguti and Durocher, quoted by Percy,! 
out of eleven specimens of argentiferous galena from different 
localities kept in contact with mercury in a rotary machine only 
two gave up part of their silver contents ; out of seven specimens 
of blende and six specimens of fahlerz only two of each were 
acted upon ; while of four specimens of argentiferous iron pyrites 
not one yielded any silver. Their conclusion is that the silver 
exists in these minerals in two different conditions — sometimes 
as a true silver compound mechanically interspersed through the 
base metal sulphide, and sometimes as a double sulphide chenii- 

* Op. cit., p. 32. t Id. , pp. 33-35. 
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cally combined with it. In the former case mercury can attack' 
the silver sulphide, in the latter there is no action. 

RecMtions of Silver Sulphide. — When it is melted -with lead 
and cupric oxides double decomposition takes place at the 
temperature of fusion, the reaction being in accordance with 
the equation — ' 

AgjS + 2CuO = AgjCuj + SO2. 

Silver sulphate also reacts upon silver sulphide at the, tempera- 
ture of fusion, double decomposition taking place as follows : — 

AgsS +, AgaSOi = 4Ag + 2S0», 
When fused with excess of alkaline carbonates, silver sulphide is 
reduced to the extent of about 90 to 95 per cent., the remainder 
being dissolved in the alkaline sulphide formed — 

4Ag2S '+ 4Na2C03 = 8Ag + SNajS + NajSO* + iCOj. 

When fused with alkaline cyanide, sihout five-sixths of the silver 
is reduced, the rest remaining in combination with the resulting 
alkaline sulphide. Some alkaline sulphocyanide is formed, but 
no silver sulphooyanide.* 

Silver sulphide is completely reduced by fusion with nitre. 
It is not acted upon by fusion , with sodium sulphate or lime,j. 
With potassiwm chlorate one-third of the isilver is reduced to 
metal, the remaining two-thirds being converted into chloride.' 
Roasted with common salt sulphide of silver is partly converted 
by the joint action of sodium chloride and oxygen into silver 
chloride, sodium sulphate being formed at the same time. 
Another part of the sulphide is reduced directly to metallic 
silver with formation of sulphurous acid. By long continued 
roasting the , metallic silver is reconverted into chloride by, the 
direct action upon it of excess of sodium chloride, so that finally 
almost all the silver is converted into chloride (iti which condition 
part of it is volatilised) , eiven when the silver sulphide is com- 
bined with other metallic sulphides. 

Silver sulphide is attacked hj chlorine, slowly at ordinary 
temperatures, but more quickly at a red heat, though to some 
extent the film of chloride formed protects the, underlying sul- 
phide from further action. Chlorine water acts upon.it slowly, 
in the cold with formation of silver chloride and sulphuric acid. 

Both the chlorides of copper decompose, it in presence of water,- 
slpwly even in the cold, but more quickly at a boiling heaj;.. 
With cupric chloride the .silver is converted exclusively into, 
chloride; with OugClj, neai;ly all of it is reduced, to metal.'ti 
Ferric chloride acts to some extent upon silyer sulphide, but 
only very slowly. Ferrous chloride and mercurous chloride^ 
have no action upon it. 

* Percy, op. cit., p. 37. 

+ See the author's experiments, Trans. Inst: Min.- Met., vol. vii; 
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Sulphuric acid vapour at a red heat decomposes silver sulphide 
•with formation of sulphate. When combined with cuprous sul- 
phide, the same decomposition takes place, the copper being, 
however, converted into oxide at this temperature. 

If a mixture of silver sulphide with base-metal sulphides be 
roasted absolutely " sweet," the silver is left as metal, while all 
the other metals remain as oxides. 

Silver Sulphate, AggSO^.- — This substance may be formed 
by heating granulated silver with sulphuric acid (as in the 
" parting" process) when the following reaction takes place : — 

2Ag + 2H2SO4 = AgjSO^ + SO2 + 2H2O. 

Boiling and concentrated HjSO^ dissolves so much silver as to 
become, on cooling, a solid crystalline mass of acid sulphate, 
AgHSO^ + wAq. Neutral silver sulphate is a slightly yellow 
anhydrous salt of specific gravity 5-34, which crystallises in the 
rhombic system. It is comparatively insoluble in cold, but very 
soluble in hot, water, requiring only 88 parts of the latter at 
100° C. The best solvent, however, is sulphuric acid diluted to 
a specific gravity of 1'25. From this solution silver is completely 
separated as metal in a crystalline condition by Cu, Fe, Zn, Sn, 
and Pb. Copper is usually employed in practice for this pur- 
pose on account of its greater intrinsic value and of the greater 
demand for its sulphate than for that of any of the other metals. 
This reaction is made use of in the Ziervogel process of silver 
extraction. Cuprous oxide precipitates silver mixed with basic 
sulphate of copper. 

Silver sulphate melts unchanged at a low red heat, forming a 
yellow liquid. At a strong red heat it is completely decomposed 
with evolution of sulphurous acid and oxygen, but it resists 
unchanged the somewhat lower temperature which completely 
decomposes , iron and copper sulphates. Silver sulphate can 
therefore be formed by heating silver sulphide in air with either 
of the above sulphates, since the sulphuric anhydride evolved 
by their decomposition combines with the metallic silver reduced 
from its sulphide. Upon this reaction is based the well-known 
"Ziervogel" process of silver extraction, which will be described 
in its proper place. 

At a dull red heat silver sulphate is completely reduced by 
charcoal according to the reaction 

AgjSOi +.C = 2Ag + CO2 + SOj. 

Although dilute sulphuric acid has no efi'ect upon silver, ferric 
sulphate solutions (even when neutral and in the cold) readily 
attack it, while the action is much quicker when hot, and is 
assisted by the presence of free acid. The reaction seems to be 
one of simple solution and reduction, as in the case of zinc — viz., 

Fe2(S04)3 + 2Ag = 2FeS04 + AgjSOi. 
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Silver sulphate in crystals, on the other hand, is completely 
reduced to metallic silver by contact with a strong neutral solu- 
tion of FeSO^ at 100° C. The reaction which takes place is the 
exact converse of the preceding, and it is used on the large scale 
as an essential part of Gutzkow's process for parting gold from 
silver bullion as formerly conducted at the San Francisco Mint, 
at the Argentine works of the Con. Kan. City S. & R. Co., 
and elsewhere. 

Silver sulphite, a colourless crystalline substance, is formed by 
adding a solution of sulphurous acid, or of an alkaline sulphite 
to one of a silver salt. It is rapidly changed under the influence 
of light, or of a heat below incipient redness, into metallic silver 
and sulphate. It forms double salts with the alkaline sulphites, 
which are used in electro-plating. 

Silver Chloride, AgC), is found in nature as the mineral 
kerargyrite, which has a specific gravity, according to Bodwell, 
of 5'40 to 5 50,* and crystallises in the cubical system. 

It may be prepared in the wet way by adding chlorine water 
or a solution of a soluble chloride to a solution of silver nitrate 
or sulphate, and washing and drying the precipitate. In this 
way it is obtained as a snow-white anhydrous powder, which 
blackens when exposed to light, even in a. hermetically sealed 
tube, but recovers its white colour when kept for some time in 
the dark. 

It fuses at about 360° C, forming first a yellow liquid and 
afterwards a thin red one, which rapidly permeates ordinary clay 
crucibles. It volatilises, though slowly, but quite fast enough 
to give a perceptible loss in metallurgical operations. After 
solidification it is pale yellowish-grey in colour, waxy or horn- 
like, and translucent and sectile, with a crystalline fracture. 

Solubility. — Silver chloride is so nearly insoluble in water that 
a solution containing only 1 part of silver per million as nitrate 
is rendered turbid by the addition of a drop of HCl. It dissolves 
in ammonia water unchanged, and dissolves also with double 
decomposition in solutions of alkaline and other soluble cyanides 
and hyposulphites. It is also dissolved by hot concentrated HCl, 
and by solutions of almost all the soluble chlorides. 

According to Vogel f it is soluble in the chlorides of all 
the alkalies and alkaline earths, but insoluble in the following 
chlorides — viz., those of Zn, Cd, Cu, Sn, Hg, Ni, and Co. 

According to Hahn % the solubility of silver chloride at the 
ordinary temperature in saturated solutions of different chlorides 
is as given in the following table : — 

* Proc. Ray. Soc, 1876, vol. xxv., p. 291. 

t Wagner's Jahrenberichte, 1874, vol. xxii., p. 481. 

J Trans. A.I.M.E., vol. ii., p. 99. 
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TABLE I. — Solubility or Silvkr Chloride. 



Formula 


Per cent, of 


Temp, at 


Per cent, of 


Per cent, of 


Sp. Gr. 


Temp of 
Solution. 


Grm. Ag. 


of 

Salt. 


Salt in 
Solution. 


which 
Saturated. 


AgCl 
Dissolved. 


Ag. in 
Solution. 


of 
Solution. 


in 100 c.c. 
Solution. 






Deg. C. 








Deg. C. 




KCl,. . . 


24-95 


19-6 


0-0776 


0-0584 


1-1774 


19-6 


00688 


NaCl, . . 


2.5-96 


it 


0-1053 


0-0793 


1-2053 


,, 


0-0956 


NHiCl, . . 


28-45 


24-5 


0-3397 


0-2551 


10835 


30-0 


0-2764 


CaCla, . . 


41-26 


^^ 


0-5713 


0-4300 


1-4612 


J 


0-6283 


MgClj, . . 


36 -.35 


J) 


0-5313 


0-3999 


1-3350 


)} 


0-5399 


BaClj, . . 


27-32 


ij 


0-0570 


0-0429 


1-3017 


}* 


0558 


FeClj. . . 


30-70 




0-1686 


0-1269 


1-4199 


20-0 


0-1802 


FejCls, . . 


37-48 




0-0058 


0-0044 


1-4472 


21-4 


0-0004 


MnClz, . . 


43-85 


24-5 


0-1996 


0-1499 


1-4851 


30-0 


0-2226 


ZnOIa, . . 


53-34 




0-0134 


OOIOI 


1 -6005 


») 


0-0162 


CuCls, . . 


44-48 


•24-5 


0-05.3-2 


0399 


1-5726 


?) 


0-0627 


PbCls, . . 


0-99 




0-0000 


0-0000 


1-0094 




0-0000 



It may be useful to remember that a solution of common salt 
saturated at 15° 0. contains 26-34 per cent, of salt by weight, 
its specific gravity is 1-20403 at the temperature of saturation, 
and one litre of it will dissolve, according to the mean of the 
figures given by Hahn and Vogel, 1-OUl gramme of silver 
chloride. Most of the above solutions dissolve a larger pro- 
portion of silver chloride when boiling, but the excess separates 
out on cooling. 

Strong hydrochloric acid dissolves AgCl even in the cold 
(1 part in 336), the solubility is increased by heating and much 
diminished by dilution, but it is not possible to precipitate all 
the silver from moderately diluted acid, say 1 to 5. 

Silver chloride is insoluble in cold nitric and sulphuric acids, 
both strong and dilute, but is decomposed by both acids in the 
concentrated condition ; readily in the case of sulphuric, but only 
after long boiling in the case of nitric acid. Most nitrate 
solutions dissolve small quantities of silver chloride, even in 
the cold, the degree of solubility being much greater when the 
solutions are hot. Among nitrates which act thus are those of 
the alkalies, lime, magnesia, and copper, the solubility being 
much greater in the case of mercuric nitrate. 

According to Stas, silver chloride in the pulverulent granular 
or crystalline conditions is practically insoluble in water, but 
when in the flaky condition (as occurs just after precipitation in 
the cold from a very dilute solution) it is distinctly soluble in 
pure or acidified water, though, curiously enough, either silver 
nitrate or alkaline chloride will reprecipitate it from this solu- 
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tion. This explains the so-called " neutral point " in the Gay 
Lussac method of estimating silver volumetrically.* 

Certain crystalline compounds containing sodium and silver 
chlorides have been prepared, but they do not appear to be true 
double salts. 

Fonnation of Silver Chloride from the Metal. — Silver chloride 
may be produced by passing chlorine or hydrochloric acid gas or 
vapour of NH^Cl over metallic silver heated to redness. Con- 
versely, the chloride may be reduced again to metal by passing 
over it a current of hydrogen or of NH^Cl vapour at a slightly 
higher temperature. 

In small quantity silver chloride is formed by simple contact 
of the metal with solution of sodium chloride. Thus a solution 
of common salt by simple boiling in a silver crucible dissolves 
enough silver to give a black precipitate with HgS, but the 
action appears not to take place if air be excluded. In this 
way may be explained the occurrence of a film of chloride on 
silver coins which have been long buried in the ground. 

When silver leaf is ground up with common salt and heated 
to a temperature below redness no action takes place. When 
the temperature is raised to bright redness and the heat main- 
tained for three-quarters of an hour the whole of the silver is 
converted into chloride, some of which volatilises. Metallic 
silver can also be converted into chloride by melting it in ordi- 
nary crucibles with common salt and keeping it molten at a high 
temperature, when a portion volatilises together with part of 
the salt, while the remainder is found disseminated through the 
layer of salt. One ounce of silver treated by Rose in this way 
lost 2-7 per cent, of its weight in two and a-half hours by volatili- 
sation ; the presence of copper tends to prevent the formation 
of silver chloride and consequent loss of silver.! 

Silver is slowly converted into chloride by solutions of cupric, 
mercuric, and ferric chlorides, which it reduces to the lower 
chlorides thus : — 

SCuCls + 2Ag = 2AgCl + CujCla. 

Mercuric chloride also acts upon silver at a heat below redness, 
calomel subliming, while silver chloride is left. 

Formation of Silver Chloride from its Sulphide.— Many experi- 
ments have been made on this subject, but the published results 
are contradictory. Percy and Dick, J and Malaguti and 
Durocher § have each made elaborate series of experiments with 
both chlorides of copper, and they conclude that both cuprous 
and cupric chlorides give AgCl as the product of their action 

* Percy, loc. cit., p. 291. t Percy, op. cit., p. 70. 

+ Ibid. , pp. 73, et seq. 

§ Quoted ibid., pp. 98, et seq.; also in the original Jtecherches sur V Asso- 
ciation de V Argent awx Mineraux Metcdliques, Paris, 1850, vol. i., p. 658. 
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upon AgjS, the equation in the case of cuprous chloride being : — 

AgjS + CiLjClj = 2AgCl + CujS. 

Laur, Stolzel, and other authorities,* however, while concurring 
as to the decomposition of the sulphide, conclude that the final 
product when OugClj is used is metallic silver and not its chloride. 
This is confirmed by the author's experiments,t which indicate 
that only one-tenth of the total amount of silver sulphide acted 
upon is converted into chloride, the remainder being reduced to 
metal, probably according to the equation : — 

AgjS + CujClj = CuS + CuClj + 2Ag. 

If the silver sulphide were largely in excess, no doubt the 
metallic silver might be partly reconverted into chloride by 
secondary reaction with the cupric chloride formed; but, under 
conditions approximating those of actual practical work, the 
above reaction is that which takes place. 

The sulphantimonides and sulpharsenides of silver are acted 
upon similarly and, according to Eammelsberg,J the reactions 
which take place in the case of pyrargyrite are as follows : — 

2(Ag3SbS3) + CujCL = 2AgCl + Ag„S + 2Ag + 2CuS + Sb^Sj, 

while in the case of proustite it is 

6(Ag3 AaSs) + 7CU2CI2 = 14Ag + 4AgCl + 2CuCl2 + 2ASCI3 + 12CuS + 2As.S,. 

All of the above reactions are important and will be referred to 
again in connection with wet amalgamation processes. 

The formation of chloride by heating metallic silver with 
sodium chloride has been already referred to. The same sub- 
stance may also be formed by heating silver sulphide with 
sodium chloride and other substances in a current of steam. At 
100° C. the formation of silver chloride is hardly to be detected 
when sodium chloride alone is employed, but becomes very 
decided when magnesium chloride is also present. At a higher 
temperature the reactions take place more quickly. Finely- 
powdered iron pyrites hastens the action, no doubt owing to the 
formation of sulphuric acid by oxidatiou. These reactions are of 
importance in connection with the subject of chloridising 
roasting. 

Silver sulphate and sodium chloride, when melted together, 
show a perfect double decomposition, the whole of the silver 
being converted into chloride. This reaction is utilised in 
Augustin's lixiviation process of silver extraction. 

Reduction of Silver Chloride. — In the dry way, AgCl is com- 
pletely reduced by a current of hydrogct when the compound is 

* Schnabel, Handh. der Metallhuttenkunde, vol. i. , p. 658. 
+ Tranti. Inst. Min. Mel., vol. vii., p. 233. 

X Peroy-Rammelsberg, Metallurgie des Silhern und des Goldes, Braun- 
schweig, 1881. 
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heated to about its melting point; as also by carbonic oxide, 
which is said to carry away the chlorine as phosgene gas, COOlg. 
Steam does not affect it, except at much higher temperatures. 
Alkaline hydrates and carhunates decompose it at about the 
melting point of silver, the reaction being 

4AgCl + 2Na2C03 = 4Ag + 4NaCl + + 2CO2, 
but part of the silver chloride escapes by volatilising or by per- 
meating the crucible before acquiring the temperature necessary 
for the reaction. 

Calcium carbonate decomposes silver chloride at a temperature 
above the melting point of silver, forming calcium chloride. 

Charcoal, in the proportion of 1 part to 2 parts of the chloride, 
reduces it readily ; but the reaction is said to be due to the 
hydrogen in the charcoal, for all the chlorine is evolved as HOI, 
and no reduction takes place when pure plumbago is substituted 
for charcoal. 

Zinc, iron, copper, and lead all reduce the chloride when heated 
with it. In the last two cases the reduced silver alloys with the 
excess of reagent metal. Mercury also reduces it at the ordinary 
temperature, but the reaction is much promoted by the action of 
water. 

Fn the wet way, silver chloride may be reduced by boiling it 
with a solution of Na^COg and its own weight oi glucose. 

Stannous chloride also reduces it, and when very dilute solu- 
tions of silver are precipitated by a soluble chloride so that the 
liquid is just turbid, and a few drops of stannous chloride added, 
the solution acquires a yellowish-brown colour like that of glass 
stained by silver. Percy suggests that this colour is due to the 
presence of finely-divided silver, and analogous to the ruby colour 
of gold-stained glass, which was proved by Faraday to be due to 
metallic gold in a very fine state of division. 

In ammoniacal solution, silver chloride is reduced by cuprous 
chloride according to the equation 

2AgCl + Cufi\ = 2Ag + 2CuCL. 
No reduction, however, takes place when both salts are dissolved 
in a saturated solution of common salt.* When freshly precipi- 
tated, however, both salts react upon each other in presence of 
water alone. Reference has been already made to the converse 
of this reaction, by which cupric chloride is reduced by metallic 
silver to cuprous chloride. Upon this point Percy remarks, " It 
will probably be found that an aqueous solution of cupric 
-chloride containing a certain proportion of cuprous chloride has 
no effect on either metallic silver or its chloride." Such a 
balance of reactions is not uncommon in chemistry, but in 
metallurgical practice one of each pair of reactions is generally 
■developed and the other suppressed by altering the conditions. 
* Percy, op. cit., p. 91. 
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Among metals, zhic is the best reducing agent for silver 
chloride, and is generally employed at mints using the nitric 
acid and Miller processes, granulated zinc being employed at 
San Francisco * and plates at the Australian mints. t It is not 
sufficient to expose the chloride to the action of hydrogen evolved 
by the solution of zinc in sulphuric acid. Direct contact of the 
metal with the chloride is essential at first, though afterwards, 
the precipitated silver forming a galvanic couple with the zinc, 
the action proceeds throughout a thick layer of chloride. 

Iron acts in a similar way to zinc in reducing silver chloride 
by contact in moist air or under water. Tlie action is much 
promoted by additions to the liquid of common salt, ferrous 
sulphate, or alum. Silver chloride in ammoniacal solution is 
also reduced. 

Copper, even with acid solutions, reduces silver chloride only 
very slowly at the ordinary temperature, but more quickly at 
100° C. From ammoniacal and strong saline solutions, however, 
it reduces the silver very perfectly. This method is adopted for 
recovering the silver in Augustiu's process. 

Besides the above, silver chloride is reduced under water 
quickly and completely by Cd, As, and Co, slowly by Pb, Ni, 
and Sb, and very slowly and imperfectly by Sn, Bi, and Mn. 
In the case of Pb and Sn the precipitated silver forms an alloy 
with the reducing metal. 

Mercury reduces silver chloride only slowly at ordinary tem- 
peratures with formation of calomel, according to the equation — 

2AgCl + 2Hg = 2Ag + Hg2Cl2.J 

The reaction is, however, promoted by the addition of certain 
silts, which act as conductors and assist in the formation of a 
galvanic couple between the mercury and the first reduced silver. 
According to Malaguti and Durocher, § the relative proportions 
of silver reduced under equal conditions are as follows : — With 
mercury alone 1-00, with addition of cupric sulphate 1 52, ferrous 
sulphate 2-15, and alum 3-09. || 

In presence o{ iron the action of mercury upon silver chloride 
appears to be much increased, no doubt through the current set 
up between the two metals, for it appears that the quantity of 
silver chloride reduced in a given time when the iron and 
mercury are together in contact is more than double that reduced 
when first the iron and then the mercury act each upon the 
chloride separately during the same number of hours. 

* Ninth Report Cal. State Mineralogist, 18S9, p. 70. 

+ Percy, op. cit., p. 418 ; anA private notes. 

X See the reactions of the Patio Process, Chap. iii. 

§ Recherches mir VAssociaXion de V Argent aux ilineraux Metalliquei, 
1850, p. .369. 

II Compare the figures given on p. 7 with reference to the reduction of 
silver sulphide in presence of these salts. 
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Silver Chloride and Base-Metal Sulphides. — Malaguti and 
Durocher have shown that silver chloride is directly decom- 
posed at ordinary temperatures by contact with metallic sul- 
phides in presence of water, chlorides of the metals being, of 
course, formed.* In this way OdS, CugS, SnSj, CuFeSj, &c., 
convert the silver into sulphide with varying degrees of rapidity. 
The reactions take place much more completely in ammonia 
water and other media. 

When cuprous sulphide is mixed with twice its weight of 
AgCl and shaken in ammonia water for a few minutes, the 
residue is found to contain a mixture of metallic silver and 
sulphide. The reaction may, perhaps, be : — 

4AgCl -I- CujS = 2Ag + AgjS -I- 2011012. 

When sulphides of lead or zinc are employed the action is 
slower, but all the silver is converted into sulphide by simple 
double decomposition. These two sulphides, as well as mercuric 
sulphide, act upon silver chloride in exactly the same way when 
fused together with it out of contact with air, the resulting base- 
metal chlorides partly volatilising. According to Malaguti and 
Durocher, who have investigated the comparative action of 
various metallic salphides upon animoniacal silver chloride solu- 
tions, the action is quickest in the case of those sulphides which, 
like CugS (see above reaction), SnSj and CuFeSj act by reduction 
as well as by double decomposition, and slowest in the case of 
those, like CdS, ZnS, FeS, HgS, and Sb2S3, which act only in the 
latter way. 

RS -I- 2AgCl = AgjS -I- RCI2. 

Silver Bromide, AgBr, occurs native in the mineral bromy- 
rite. Silver and bromine combine readily at ordinary tempera- 
tures ; the bromide may also be prepared by precipitating a 
solution of silver nitrate with one of an alkaline bromide. It 
is a pale yellow powder of specific gravity 6-25 to 6'29, which 
melts to a red liquid and solidifies to a yellow semi-transparent 
mass with a crystalline fracture ; this solid is much more brittle 
than the chloride. It appears to be absolutely insoluble in 
water and behaves to other solvents somewhat like silver 
chloride, but is usually less soluble in all. Like the chloride, it 
is decomposed by strong sulphuric acid, but boiling nitric acid, 
even when concentrated, does not affect it. Its best solvent is 
a solution oi potassium bromide. 

Silver bromide is converted into chloride when heated in a 
current of chlorine; conversely, when silver chloride is acted 
upon by a solution of potassium bromide double decomposition 
takes place, potassium chloride and silver bromide being pro- 
duced. Its insolubility renders it a more efficient substitute 

* Op. cit., pp. 268-270. 
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for the chloride in all assaying methods which depend upon the 
insolubility of that salt.* 

Silver Iodide, Agl, occurs native as the mineral iodyrite, 
and may be prepared by precipitating silver nitrate with alkaline 
iodide ; or by dissolving silver in cold hydriodic acid, the 
action being violent and accompanied by evolution of hydrogen. 
Strong hydriodic acid and alkaline iodides decompose silver 
chloride with formation of this substance. As bromides com- 
pletely expel chlorine from its combination with silver, so iodides 
expel bromine from silver bromide Conversely, a current of 
chlorine converts silver iodide into chloride. 

Silver iodide melts, at 450° C, according to Rodwell,t to a 
red liquid which solidifies to a transparent " claret-coloured 
mass ;" after which it becomes (I) amber-coloured and (2) pale 
yellow, and (finally) crystalline, brittle, opaque, and pale green. 

It is insoluble in water and in dilute acids, but is decomposed 
by strong sulphuric and nitric acids. Its best solvent is a cold 
saturated solution of potassium iodide from which, liowever, it is 
reprecipitated on dilution. It is also soluble in a hot solution 
of caustic potash, in solutions of alkaline cyanides and hyposul- 
phites, and in 2510 parts of ammonia water. It is said to be 
slightly soluble in saturated solutions of alkaline chlorides, but 
the solubility must be very slight, for a soluble iodide is em- 
ployed in the Claudet process to precipitate silver dissolved in 
a brine solution. Silver iodide, like the bromide, may be 
employed instead of the chloride for assaying. 

Silver Thiosulphate, AggS^Og. — The thiosulphates are better 
known under their old name of "hyposulphites," and as the 
true hyposulphites are of no metallurgical importance, the old 
name is employed throughout this work, instead of thiosulphate. 
The silver hyposulphite is prepared as a white powder by dis- 
solving out the precipitate produced by Na^SgOj in AgNOg with 
ammonia water and reprecipi bating with dilute HNO3. It is 
readily decomposed into Ag.^S and SO3, and is slightly soluble 
in water. With the hyposulphites of sodium, potassium, and 
calcium it forms two series of double salts of the formulae 
2RS2O3 . Ag2S203 -I- 3Aq and RSjOg . AggSgOg + 2Aq, the former 
being readily soluble in water, while both are soluble in excess 
of the alkaline salt. 

The double salt 2Na2S203 . AgjSjOg is formed by double 
decomposition whenever silver oxide, chloride (or other haloid 
compound), sulphate, arseniate, or antimoniate is acted upon in 
the cold by a solution of NajSjOg. It is also formed slowly in 
the cold and much moi-e rapidly when hot by the action of 
solution of the latter salt directly upon metallic silver, but the 

* Such as the combined wet and dry process for the assay of silver In 
copper mattes and the Gay Lussac volumetric assay of silver bullion. 
+ Proc. Roy. Sac, 1876, vol. xxv., p. 286. 

'A 
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amount dissolved appears to be independent of the degree of 
concentration of the solution. According to Russell * one part 
of NajSaOg + SAq dissolves 0-4 part of AgCl ( = 0-301 part Ag), 
forming the double salt AggSjOg . Na2S203 + 2Aq. The solu- 
bility of AgCl in a solution of sodium hyposulphite is very 
injuriously affected by the presence of certain other substances 
as shown by the same author, a fact of the greatest practical 
importance in connection with the hyposulphite leaching pro- 
cess.! 

From the solution of double salts, sodium and calcium sul- 
phides completely precipitate the silver as sulphide, regenerating 
an equivalent quantity of sodium or calcium hyposulphite. 
Upon these reactions is based the series of hyposulphite leach- 
ing processes first suggested by Percy and afterwards carried 
out in practice by Patera, Kiss, and others. 

Sodium hyposulphite forms with cuprous hyposulphite a series 
of double salts with formula 2:3, 1:1, 2:1, and 3 : 1, all of 
which act as energetic solvents of all silver compounds. The 
second in particular (Cu2S20g . NajSgOg) acts upon metallic 
silver nine times as energetically as the simple sodium hypo- 
sulphite, and even dissolves to some extent silver sulphide. 

Upon these facts is based the Russell process described in 
Chapters XI. and XII. 

Silver Cyanide, AgCy, may be prepared by precipitating the 
nitrate with alkaline cyanide. It is a white powder of specific 
gravity 3-94 which, on being heated, melts and loses half its 
cyanogen. It is converted into chloride by chlorine water, 
hydrochloric acid, and by alkaline, mercuric, and some other 
soluble chlorides. It is decomposed by sulphuric and nitric 
acids, and converted into sulphocyanide by a solution of potas- 
sium sulphocyanide. 

It forms double cyanides with all the alkaline cyanides, one 
of which, KCy . AgCy, is largely employed for electro-plating. 
It may be prepared by dissolving silver chloride, cyanide, car- 
bonate, or oxide in a solution of potassium cyanide. 

Compounds of Silver and Arsenic. — An artificial silver 
arsenide, with the formula AgjAs (=81-5 per cent. Ag), was 
prepared under the direction of Percy | and slowly roasted in 
a mufiie for three hours at a " dull black heat." Practically all 
the arsenic was volatilised, the silver being left as metal, and no 
trace of arseniate was formed. 

Silver Sulpharsenide, AgjAsSg, on being carefully roasted in 
the same way evolved, according to Plattner,§ SOj and AsoO,, 
while the silver was completely converted into arseniate. 

* Quoted by Stetefeldt, Trails. A.I.M.E., vol. xiil., p. 53. 
+ Described in Chapter xi., q.v. J Op. cit., p. 140. 

§ Die metcdlurgischen RSstprozesae, 1856, p. 160. 
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According, however, to Patera* the same substance (the 
mineral proustite) when roasted for five hours in a current of 
steam was reduced to metallic silver. 

Silver Arseniate at a high temperature yields silver arsenide, 
oxygen, and arsenious acid, but the decomposition is incomplete, 
especially in presence of other metallic arseniates. 

Compounds of Silver and Antimony. — Silver and anti- 
mony alloy in all proportions and a large number of the so- 
called alloys have been described by Cooke, t The best defined 
alloy appears to be SbAg^, in which the increase in volume is 
most marked ; but crystals corresponding to the mineral dyscrasite, 
AggSb, were also obtained. 

Silver Antimoniate has been prepared by Percy, but it does not 
seem to possess the normal theoretical composition. It may be 
formed by heating together, in a current of air, the oxides of 
silver and of antimony in molecular proportions. 

Silver Antimonide, with 47 per cent. Ag, heated in air was 
converted into metallic silver and SbjO^. The same substance 
mixed with pyrites and roasted with free access of air gave only 
silver antimoniate, ferrous sulphate, and ferric oxide. 

Silver Sulphantimonide, AggSbSg, the mineral pyrargyrite 
(according to both Plattner and Percy), is converted into anti- 
moniate by roasting. 



CHAPTER II. 
SILVER ORES. 



Silver is found in nature both in the native condition and 
combined with other substances. When in combination it may 
be either an essential or an accidental constituent of the mineral 
substance containing it ; in either case the latter is considered 
by the metallurgist as an ore of silver. It is of more import- 
ance with ores of silver to ascertain as nearly as possible the 
condition in which the silver occurs combined with other sub- 
stances, than is the case with ores of any other metal, for upon 
its manner of combination chiefly depends the choice of method 
for its extraction. In this respect the metallurgy of silver is 
much more complex than that of gold, lead, or copper. It is, 
therefore, necessary to consider carefully such of the different 
mineral species containing silver as occur in quantity sufficient 
to render them of commercial importance. 

The mineral species which contain silver as an essential con- 

* Ibid., p. 246. t Quoted by Percy, op. dt., pp. 143, 144. 
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stituent may be considered under three heads, viz. : — (a) Those- 
•which are both widely distributed and occur in sufficient quantity 
to render them of great importance ; (6) those which are either 
widely distributed in small quantities or form important ores at 
certain localities ; and (c) rare minerals. 

Of class (a) may be described : — 

Native Silver, Ag . Cubical. — Silver is frequently found of 
remarkable purity, being sometimes over 995 fine, and at other 
times alloyed with traces of gold, copper, quicksilver, nickel,, 
antimony, or bismuth. It forms the chief ores at Kongsberg 
(Norway), Batopilas (Mexico), and Silver Islet (Michigan); and 
has also been found in considerable quantity as an ore at Freiberg 
(Saxony), Broken Hill (N.S.W.), as well as in many other locali- 
ties in the U.S., Mexico, Chili, Peru, and Bolivia. 

Argentite, AgjS . Cubical . Ag 87-1 per cent. — It is one of 
the commonest of the silver ores. It is black, soft, sectile, and 
slightly malleable. Whether crystallised or massive it is usually 
very pure, but sometimes contains traces of copper, lead, and 
iron. It is one of the chief ores of the great Oomstock Lode 
(Nev.), of the Morelos, Guanajuato and Zacatecas districts in 
Mexico, as also in the Erzgebirge (Saxony) and Upper Harz, 
Peru, Chili and Bolivia, Japan, Broken Hill (N.S."\Y-)> ^^^ other 
places. 

Stephanite, SAggS . SbgSj . Eliombic . Ag 68-5 per cent. — This 
is another very widely distributed and important silver ore. 
Together with argentite it formed an important ore of the 
Comstock Lode, and is also important throughout Bohemia and 
Saxony, at Schemnitz (Hungary), Guanajuato (Mex.), Aspen 
(Colo.), and other places. 

Pyrargyrite, SAgjS . SbjSj . Hexagonal . Ag 59 -8 per cent. — 
This ore is very widely distributed and, though almost invari- 
ably accompanying argentite, stephanite, and other species, 
forms in the aggregate an important ore. In Europe its chief 
localities are Andreasberg (Harz), the Saxon and Bohemian 
Erzgebirge (especially Joachimsthal), aiid Guadalcanal (Spain). 
In America it is an abundant ore in the Poorman Lode (Idaho) 
and at Austin (Nev.), also at Zacatecas and Sombrerete (Mex.),, 
and near Copiap6 (Cliili). 

Proustite, SAggS . Sb^Sg . Hexagonal . Ag 65-4 per cent. — 
This mineral is as widely distributed as the preceding, though 
usually occurring in smaller quantity and accompanying other 
species. Its chief localities are the Erzgebirge (Sax.) Joachims- 
thal (Bohemia), and Guadalcanal (Spain), also Morelos, Tasco, 
Paohuca, Catorce, &c. (Mex.), at Chafiarcillo (Chili), in Peru and 
in Bolivia. 

Polybasite, 9(Ag2Cu)S . (SbAs)2Sg . Bhombic . Ag from 64 to 
72 per cent. — This species is much more widely distributed than 
has been commonly supposed, especially in the American con- 
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tinent. It forms an important ore at Guadalupe y Calvo, 
Ouarisamey, Tasco, and Guanajuato in Mexico, at Aspen (Colo.), 
in the Reese River (Nev.) and Owyhee (Idaho) districts, at Tres 
Puntas (Chili), and other localities, and at Freiberg (Sax.) and 
Przibram (Boh.). 

Kerargyrite, AgCl . Cubical . Ag 75-3 per cent. — This is one 
of the most widely distributed and important ores of silver, but 
it is probable that much of the so-called " chloride ore " referred 
to this species is, in reality, the chloro-bromide. It is always 
found in the upper oxidised zones of lodes which in their deeper 
portions carry sulphides and sulphantimonides (the so-called 
"colorados" of Mexico and "pacos" or "cascajos" of Peru). 
Reference has been already made to this subject in connection 
with oxidised ores of lead.* Many of the chief oxidised deposits 
are now worked out, but among the principal localities where 
this mineral has been an important ore may be mentioned 
Leadville (Colo,), Lake Valley (N. Mex.), Poorman Lode (Idaho), 
White Pine (Nov.), Silver Reef (Utah), Silver King and Tomb- 
stone (Ariz.), Calico (Cal.) in the U.S. ; St. Eulalia, Catorce, (fee, 
in Mexico ; Tres Puntas and Chaiiarcillo in Chili ; also at Potosi, 
Pasco, and other localities in Bolivia and Peru, but here as well 
as at Broken Hill (N.S.W.), it was not so common as embolite. 

Embolite, Ag(ClBr). Cubical. Ag 61 to 73 percent., and AgBr 
from 80 per cent, down to 18 per cent, of the whole. — This ore 
has been very abundant in Chili, where it formed the principal 
ore of Chaiiarcillo and 'other mines in Copiap6. It is also found 
at Leadville (Colo.), Sierra Mojada, St. Eulalia, and Catorce 
(Mex.), Pasco (Peru), Potosi (Bolivia), and Broken Hill(N.S.W). 

Pahlerz, 4(CuFeAg2HgZn)S . {S,hAs)2S^. Cubical— The pro- 
portion of Ag varies from 0'06 per cent, up to 31 per cent;, 
being, generally speiking, least in those varieties where the 
Sb is most replaced by As, and greatest in the varieties free 
from As. The highly argentiferous varieties have been called 
Freibergite, and such form the principal ore at the Ontario 
(Utah), Huanchaca and Potosi (Bolivia), and Oasapalca and 
other mines in Peru, besides being very important at many 
other mines in Nevada and Colorado (U.S.A.), and at Tasco, 
Cusihuiriachic, Parral, Pachuca, Charcas, and other localities in 
Mexico. In Europe also it is an important silver ore in all the 
districts of Central Europe, including the Harz, Saxony, Bohemia, 
Hungary, and Transylvania. Besides the localities mentioned 
by Danat and Percy, J Fahlerz containing upwards of 2 per cent, 
silver has been found at Collingwood (N.Z.), at Mount Lyell 
(Tasmania), and at Rio Tinto (Spain), associated with pyrites, 
chalcopyrite, and other ores of copper. 

* Part i.. Chapter ili., p. 34. 

\ System of Mineralogy, New York, 1890, pp. 102, 103. 

X Metallurgy of Silver and Oold,--p. 207. 
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In class (6) may be described the following less common 
species : — 

Amalgam, Ag„Hg„ . Cubical . Ag 26 to 86 per cent.— Many 
different formulse have been proposed for native alloys of these 
metals in various proportions. The most definite seems to be 
Arquerite, AgjjHg, which was an important ore of silver at 
Arqueros, Chili. Amalgams of other composition have been 
found in Bolivia, at Kongsberg (Norway), at Allemont (France), 
and in other places, but not in sufficient quantities to be ot 
commercial importance. 

Dyscrasite, AgjSb . Rhombic . also AggSb. — There are many 
native alloys of silver and antimony to which formulse have 
been assigned, but it seems probable that all are mixtures of 
native silver with the true alloy AggSb. It occurs in large 
masses at Ohaiiarcillo and other places in Chili and Bolivia, 
at Andreasberg (Harz), also at the Australian Broken Hill 
Consols, Broken Hill (KS.W.), and other places. 

Stromeyerite, AgjS . Cu^S . Bhombic . Ag 51-3 per cent. — 
While not of very wide distribution, this mineral has formed 
an important ore at certain mines in the province of Aconcagua, 
Chili, also at the Heintzelman, Silver King, and other mines in 
Arizona, at several localities in Colorado, and at the Australian 
Broken Hill Consols, N.S.W. 

CastiUite (CuAg)2S . 2(CuPbZnFe)S . Ag 4-6 per cent.— It 
may be regarded as an argentiferous bornite. Though not 
widely distributed, this mineral forms the chief ore at Guanaceir 
(Durango, Mex.). 

Freieslebenite, 5(PbAg2)S . 28^83 . Oblique . Ag 22 to 24 
per cent. — This, though not very widely distributed, has been 
an important ore at Hiendela Encina (Spain) and Przibram 
(Bohemia), and is also found in small quantity at Freiberg and 
at Kapnik and Felsobanya (Transylvania). 

Cosalite, 2(Ag2Pb)S . BijSg . Ag 2| to 16 per cent.— This 
mineral is an important ore of silver at several places in Mexico, 
notably at Oandamefia, where a variety with 15 per cent, silver 
forms the chief ore in the rich Loreto mine ; a variety with 
9 per cent, silver has also been found at the Yankee Girl Mine, 
San Juan Co., and at the Comstock Mine, La Plata Co. (Colo.). 

Hessite, Ag^Te . Ag 62-8 per cent., but often replaced to a 
considerable extent by gold, when the mineral approaches 
Petzite. Mixed with other minerals this has been an important 
ore of silver at Savodinski (Altai) and at Nagyag and several 
other localities in Transylvania and Hungary. According to 
R. Pearce,* " nearly all the sulphide ores of Colorado, especially 
those of Leadville and Gilpin Co., contain both bismuth and 
tellurium," and he ascribes this to the wide distribution of 
cosalite and hessite in small proportions. 

* Proc. Oolo. Sci. Soc, April, 1890. 
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Bromyrite, AgBr . Cubical . Ag 57-4 per cent. — It is found 
at Fresnillo, Plateros, Catorce, Mazapil, and other districts in 
Mexico ; also at Chaflarcillo (Ohili) and in Bolivia and Peru ; 
more recently, also at Broken Hill (N.S.W.). 

lodyrite, Agl . Hexagonal. Ag 46 per cent. — It is found with 
bromyrite at Mazapil, Catorce, and other localities in .Mexico ; 
also at Algodones, Chaflarcillo, and other localities in Chili, in 
Arizona, and at Broken Hill, where it is an abundant ore. 

Among rare species of little or no metallurgical importance 
may be mentioned the following, all of which are described in 
works on Mineralogy: — Electnim, (AuAg) ; Acanthite and Dale- 
minzite, (AgjS); Naumannite, (Ag2Se)j Eucairite, (CuAg,)Se; 
Crookesite, (CuAg2Tl)8e ; Petzite, (AuAg2)Te; Sylvanite, 
( An Ag)2Te3 ; Chilenite, AggBi ; Brongniardtite, PbS . Ag^S . SbgSg ; 
Miargyrite, AgjS.SbaSg; Chafiarcillite, Ag2(AsSb)3; Sternbergite, 
AgjS.3FeS.FeS2; Xanthocomte, 3Ag2S. AS2S5 + 2(3Ag2S . AsjSg); 
Stylotypite, 3(Cu Ag2Fe)S . SbjSg ; Jalpaite, 'iAg.^^ . CujS ; Rittin- 
gerite, Pyrostilpnite (complex sulphantimonites), ifec. 

The following mineral species contain silver only as an acci- 
dental constituent, but from their abundance they frequently 
form very important ores of the metal : — Galena, PbS (containing 
from 1 dwt. up to 2000 ozs. per ton) ; Blende, ZnS (containing 
from up to 95 ozs. per ton*); Pyrites, FeSj (containing from up 
to 146 ozs. per tonf) ; Chalcopyrite, OuS . FeS . FeSj ; Erubescite 
{Bornite), GaSi .'Ee^^; Chalcocite, CujS ; Mispickel, FeSg- FeAs2; 
also Bournonite, native Arsenic, and many other minerals. Of 
the above, it is probable that as regards chalcocite, erubescite, 
bournonite, and, perhaps, galena, the silver most frequently 
occurs isomorphously replacing copper and lead respectively ; 
whereas in the case of the other minerals it is almost invariably 
found as extremely thin films in the cleavage planes and not as 
an essential part of the mineral. 

Commercial Silver Ores and their Mode of Occurrence. 
— The variety of associations of silver minerals is very great, 
and it may be convenient to enumerate here the silver minerals 
found at some of the principal localities in the world, together 
with the metallic and non-metallic minerals which accompany 
them. The silver minerals are given in each case under the 
heading P, the accompanying heavy minerals (frequently them- 
selves argentiferous) under M, while the nature of the gangue 
is shown under G- The minerals in each class are placed 
roughly in order of prominence, those which are very abundant 
being in italics, while those which are rare or unimportant in 
quantity are put in parentheses : — 

* Freeland, " Iron Hill Sulphides," Tram. A.I.M.E., vol. xiv., p. 181. 
t Thomae, " Zeehan and Dundas field," Trans. Inst. Min. ilet., vol. 
iv., p. 56. 
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EUROPE. 

Freiberg (Sax.). 

P. Freieslebenite. 

M. Pyrites, galena, blende, chalcopyrite, mispickel. 

G. Quartz, chalybite, dolomite (fluor-spar). 

SCHNEEBERG (SaX.).* 

P. Native silver, argentite, pyiargyrite. 

M. Pyrites, galena, blende, smaltite, cobaltite, native 

bismuth, nickel, and uranium minerals. 
G. Quartz, barytes, fluor-spar. 

Andreasbbrg (Harz). t 

P. Pyrargyrite, proustite, native silver, dyscrasite. 
M. Galena, blende (native arsenic and antimony). 
G. Calcite, quartz. 

Rammelsberg (Harz). 

P. No specially silver-bearing minerals. 

M. Pyrites, galena, blende, chalcopyrite, fahlerz. 

G. Barytes, quartz. 

Mansfeld (Rhbn. Pruss.).| 

P. Some argentite, Ag also in heavy minerals. 

M. Chalcopyrite, blende, pyrites, galena, chalcocite 

(erubescite, mispickel, ores of nickel and cobalt) ; 

all as impregnations. 
G. Schists. 

Przibram (Bohemia). § 

P. Fahlerz. Most of Ag, however, in galena and blende. 
M. Galena (antimonial), blende, pyrites (chalcopyrite, 

stibnite). 
G. Quartz, chalybite, dolomite, barytes. 

Kongsberg (Norway). || 

P. Native silver, argentite (pyrargyrite). 

M. Pyrrhotite, blende, pyrites, chalcopyrite, galena, 

native arsenic. 
G. Calcite, quartz, chalybite, fluor-spar, barytes (steatite, 

prehnite). 

Sarrabus (Sardinia).H 

P. Native silver, argentite, pyrargyrite. 

M. Pyrites, mispickel, smaltite, cobaltite (chalcopyrite). 

G. Calcite, quartz, fluor-spar, barytes. 

* De Launay, L'Argera, 1896, p. 99. flbiri., p 97 

t Egleston, fif. of M. Q., vol. xii., p. 88. 
§ Meier, E. and M. J., July 16, 1892. 
II Percy, Met. of Silver and Oold, p. 505. 
1[ De Launay, V Argent, 1896, p. 82. 
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UNITED STATES. 



COMSTOCK (NeV.).* 



p. Native silver and gold, argentite, stephanite, polybasite 

(pyrargyrite). 
M. Pyrites, galena, blende, chalcopyrite (cerussite, 

fahlerz). 
G. Calcite, dolomite, iron and manganese oxides, quartz 

(barytes, fluor-spar). 

Eureka (Nev.).! 

P. Little or none except a little kerargyrite and gold. 
M. Anghsite, cerussite, galena, mimetite, pyrites, mispickel, 

blende (wulfenite). 
G. Limonite (quartz, calcite). 

Ontario (Utah). % 

P. Fahlerz, argentite (kerargyrite). 
M. Blende, galena. 
G. Quartz, clay. 

Aspen (Colo.). § 

P. Native silver, argentite, polybasite, stephsinite. 

M. Galena, pyrites (malachite). 

G. Barytes, dolomite, calcite, quartz, iron oxides. 

Silver King (Ariz.). || 

P. Native silver, argentite, fahlerz, stromeyerite. 

M. Blende, galena, pyrites, stibnite (erubescite, chalco- 
pyrite). 

G. Quartz, barytes, calcite, chalybite, and " porphyry " 
(decomposed eruptive rock). 

Lake Valley (New Mex.).11 

P. Kerargyrite. 
M. Galena, rich in silver. 

G. Flint, pyrolusiie, and other manganese oxides, iron 
oxide, limestone, and (gypsum). 

* Becker, "Geology of the Comstock Lode," Monog. in. U.S. Geol. 
Survey. 

t Curtis, Monog. vii. U.S. Geol. Survey. 1884. 

J Rothwell, Trans. A.I. ALE., vol. viii., p. 551 ; also Almy, Ibid., vol. 
xvi., p. 35. 

§ Hofman, Metallurgy of Lead, p. 39. 

II Kemp, Ore Deposits of the U.S., p. 228. 

t Clark, Trans. A.I.M.E., vol. xxiv., p. 148. 
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MEXICO. 

Veta Madre (Guanajuato).* 

P. Argentite, stephanite, polybasite, gold. 

M. Pyrites, chalcopyrite (blende, galena, mispickel). 

G. Quartz, amethyst, calcite, dolomite (talc, gypsum, 

chalybite, fluor-spar, asbestos). 
No haloid compounds of silver or heavy spar. 

Veta Madre (Zacatecas).! 

P. Native silver, pyrargyrite, stephanite, argentite 

(proustite), and kerargyrite. 
M. Pyrites, blende, galena (stibnite). 
G. Quartz, hornstone, calcite, barytas. 

Gatoece (San Luis Potosi) (colorados).^ 

P. Emholite, native silver, kerargyrite, bromyrite. 

M. Galena, cerussite, pyrolusite. 

G. Quartz, calcite, oxides of iron, ferruginous clay. 

GUADALOAZAR (S.L.P.). § 

p. Argentite, fahlerz, pyrargyrite, native silver. 

M. Pyrites, galena, blende, chalcopyrite (stibnite, smaltite). 

G. Quartz, limonite, fluor-spar, calcite. 

PaCHUCA (HlDALG0).|| 

P. Argentite, native silver, fahlerz, pyrargyrite, 

stephanite. 
M. Blende, mispickel, galena, pyrites, chalcopyrite. 
G. Quartz, hornstone, amethyst, calcite, barytes. 

Tasco (Gubbeero).II 

P. Argentite, polybasite, pyrargyrite, fahlerz, proustite. 
M. Blende, galena, pyrites, pyrrhotite (chalcopyrite, 

azurite). 
G. Quartz, calcite (gypsum). 

Chaecas (S.L.P.).** 

P. None, the Ag is va. fahlerz and blende. 

M. Blende, galena, mispickel, pyrites, chalcopyrite. 

G. Calcite, clay, and quartz. 

Batopilas (Chihuahua), ft 

P. Native silver, argentite, kerargyrite, proustite. 

M. None. 

G. Calcite (quartz). 

* Percy, op. cit. , p. 580, and priv. note^ { t Private notes. 

XChism, M. and M. J.,Noy.2,18S9. % Private notes. 

II Percy, op. cit., p. 584. 

TTHalse, Trans. I.M.M., vol. iii., pt. 3, p. 427. ** Private notes. 
t+Bandolph, Trans. A.I.M.E., vol. a., p. 293, andpnu. communications. 
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SOUTH AMERICA. 
Casapalca (Peru).* 

P. Fahhrz (very rich). 

M. Galena, blende, pyrites, chalcopyrite. 

Pasco (Peru).! 

P. Native silver, argentite, pronstite. 

M. Pyrites, cerussite, galena, chalcopyrite (fahlerz). 

Or. Quartz, iron oxides, ferruginous clay. 

Oruro (Bolivia). J 

P. Fahlerz, native silver, pyrargyrite, proustite. 

M. Pyrites, chalcopyrite, galena, cassi<eri<e, blende, stibnite. 

G. Slaty and small in amount. 

Huanchaca (Bolivia). § 

P. Fahlerz (var. Freibergite with 1 2 per cent. Ag). 
M. Pyrites, blende, galena (chalcopyrite). 
G-. Chiefly quartz. 

Oopiapo (Chili). II 

P. Native silver, embolite, argentite, pyrargyrite, proustite 

(polybasite, iodyrite, arquerite). 
M. (Chalcopyrite, galena, native arsenic, domeykite). 
G. Barytes, calotte, ankerite, decomposed porphyry and 

diabase, kaolin and asbestos. 

AUSTRALASIA. 

Broken Hill (N.S.W.)^ (oxidised ores). 

P. Embolite, iodyrite, native silver (kerargyrite, pyrar- 
gyrite, fahlerz, stephanite, dyscrasite). 

M. Cerussite, calamine, anglesite, pyromorphite (azurite, 
malachite, native copper, stolzite). 

G. Limonite, kaolin, quartz, psilomelane (chalybite, 
calcite). 

Broken Hill (N.S.W.)** (sulphide ores). 
P. Practically none. 
M. Galena, blende, rhodonite (pyrites, chalcopyrite very 

rare). 
G. Felspar (green and grey), garnet, quartz, fluor-spar. 

*Pfordte, E. and M. J., June 25, 1892. 

+ Hodges, Tram. A.I.M.E., vol. xvi., p. 729; Pfordte, Trans A.I.M.E., 
vol. xxiv., p. 109. 
X Minohin, E. and M. J., Aug. 16, 1890. 

§Peele, S.M.Q., vol. xiv., p. 152. || Percy, op. cif., pp. 568 and 649. 

IT Private notes. ** Private notes. 
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Zebhan and Dundas (Tasmania.)* 
P. Subordinate only, argentite. 
M. Galena, blende, pyrites, chalcopyrite. 
G. Chalybite chiefly, quartz subordinate. 

Association of other Minerals with Silver. — In an 
interesting paper on this subject Pearce t makes the following 
notes : — " Barytes and calcite are common associates of silver 
ores, forming in some cases almost the entire matrix of a silver 
lode. Fahierz, tennantite, enargite, and blende also commonly 
indicate richness in silver, and, like the above, are not kindly 
associates of gold." To the minerals mentioned by Pearce may 
be mentioned the following, all of which are commonly associated 
with silver in vein fillings, and may be considered as "kindly" 
matrices, viz. : — Amethystine quartz (Guanajuato, Pachuca), 
manganese carbonate and silicate (Schemnitz, Hungary ; Butte 
Mont, and Reese River, Nev. ; Broken Hill, N.S.W.), smaltite 
and other cobalt minerals (Schneeberg, Sax.; Sarrabus, Sard. ; 
Guadalcanal, Spain ; Arqueros, Chili), bismuth minerals (Erzge- 
birge and Sierra Madre, Mex.), stihnite and antimony minerals 
(Zacatecas, Guadalcazar, Mex. ; Oruro and Huanchaca, Bol.), 
chalybite and ankerite (Freiberg, Przibram, Copiap6, Zeehan). 

*Thomae, Trans. I.M.M., vol. iv., p. 54. ■^ Proc. Colo. Sci. Soc, 1887. 



AMALGAMATION PROCESSES. 29 



SECTION II. 
AMALGAMATION PEOCESSES. 



INTRODUCTORY. 

Amalgamation methods, though not as old as smelting, date 
back for three and a-half centuries. The Patio, or Mexican 
amalgamation process was invented by Bartolome-Medina at 
Pachuca in 1557, but Biringuccio described in 1540 a somewhat 
similar process, and it is probable that Medina had learnt the 
principle of the method in Spain, and, making trial of it, 
developed his Patio process, for at that time the necessary quick- 
silver could only be imported from Spain. Those who are 
interested in the history of the process should consult the work 
of Percy so often quoted.* 

The modus operandi in all amalgamation processes is to bring 
the silver ore, in a condition of finely-divided slime, into intimate 
contact with finely-divided globules of mercury, or with a bath 
of that metal. Quartzose or calcareous ores containing native 
silver, require no reagents other than water and mercury, but to 
all other kinds of ore certain reagents are added, some of which 
(like salt and copper sulphate) facilitate the transformation of 
sulphide of silver into finely-divided metal and chloride, which 
can be acted upon by the mercury; while others (such as iron 
and copper) act partly by their effect on the silver chloride, 
partly by regenerating mercury from its insoluble chloride, and 
partly by setting up a galvanic couple with the mercury, which 
increases the tendency of silver in solution to be precipitated 
upon that metal. The reactions which occur when silver com- 
pounds are brought into contact with the above reagents have 
been already described in Chapter I., and it has been noted that 
native silver, chloride, and sulphide are most easily acted upon, 
next the sulphantimonides and sulpharsenides (pyrargyrite, poly- 
basite, proustite, ifec), while argentiferous fahlerz, galena, blende, 
pyrites, and similar ores are only acted upon with great difficulty. 

All silver ores, however complex, can be treated by amalgama- 
tion after a preliminary roasting with salt, but this, while 
adding greatly to the expense, gives rise to an additional loss by 
* Percy, Metallurgy of Silver and Gold, 1880, p. 560. 
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volatilisation, and, in most cases, unless an ore can be amal- 
gamated direct — i.e., unless it is tolerably free from base sulphide 
minerals, and the gangue is mainly qnartzose or earthy, it is 
preferable to adopt either a smelting or a lixiviation process. 

In all amalgamation processes the first requisite is the crushing 
of the ore. This operation is a mechanical rather than a metal- 
lurgical one, and the particular appliance to be adopted ■will 
depend more upon local conditions than upon the nature of the 
ore. As a rule, the more primitive crushing appliances accom- 
pany the simpler methods, and more modern appliances the more 
elaborate ones. The various machines used for crushing silver 
ores will be described in the volume on Metallurgical Machinery 
in this series, but a short account of them are given in this work 
in connection with the separate processes. 

Classiflcation of Processes. — Amalgamation methods may 
be described under the following heads : — 

(1) Direct amalgamation processes, in which the finely-powdered 
ore is acted upon direct by mercury in a finely-divided condition 
under water, without the addition of salt or any other reagent. 

(2) The Mexican, or Patio, process of cold amalgamation, in 
which the reactions take place at the ordinary temperature in low 
flattened heaps spread out upon suitable floors. 

f (3) The Cazo, Fondon, and Tina processes, in which the 
reactions take place in copper pans or in wooden tubs with 
intervention of cuprous cJiloride, and are much facilitated by heat. 

(4) Pan processes, in which the reactions are conducted in iron 
pans with the aid of heat. 

(5) Barrel processes, in which the ore is revolved in barrels 
together with the reagents, of which iron is usually the principal. 

The first is only applicable to rich native silver and chloride 
ores, and will be described here. The second, third, and fourth 
groups will be described in separate chapters. The fifth is 
practically obsolete in its original form, though the barrel prin- 
ciple is adopted in the Krohnke process and has come into use 
again recently in connection with pan mills working on raw 
refractory ores. A short description of the obsolete Freiberg 
process will be given in Chapter VI. in treating of roast amal- 
gamation. 

The roasting of silver ores containing argentiferous metallic 
sulphides (sulphantimonides and sulpharsenides) as a preparation 
for one of the amalgamation processes will be referred to inci- 
dentally in connection with these processes, ami a general 
discussion of chloridising roasting is contained in Chapter IX. 

Composition of Ores suited to Amalgamation. — Analyses 
of some ores submitted to amalgamation processes (mostly after 
preliminary roasting) are given in Table II. 
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TABLE II. — Analyses op Ores Treated by Amalgamation 

Processes. 
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Trans.A.I.M.E., vol. xix., p. 100. 3. Peele, E. and M.J., March 25, 1893. 
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Simple Amalgamation in " Arrastras." — Formerly at 
Batopilas (Chihuahua, Mexico) all the ores containing native 
silver, argentite, and kerargyrite were first stamped in a battery 
driven by water-power to get the stamp silver (coarse particles of 
pure silver, treated by a lead scorification process). The stamped 
ore was then charged into 9 feet "arrastras de cuchara " (a kind 
of stone grinding pan driven by water-power, and fully described 
in the next chapter) with 2 light grinding stones. The charge 
for each arrastra was 1 ton of stamped ore and sufficient water 
to form a thick mud, to which, after eight hours' grinding at 7 
to 10 revolutions per minute, from 25 lbs. and upwards of mer- 
cury were added according to the richness of the ore. Constant 
tests of the mud were made by washing in a horn spoon until 
the appearance of the mercury showed all the silver to be amal- 
gamated ; a large excess of water was then added and the 
grinding continued for a few hours. The motion was then 
stopped for a few minutes in order to enable the coarser and 
heavier particles to subside ; the more finely-ground pulp was 
then run away by means of plugs at different levels, leaving the 
amalgam and rich concentrates at the bottom. The operation 
was repeated during several days until sufficient amalgam was 
obtained for a " clean-up," any richer ore being added with the 
last lot put through, so as to run less risk of loss. The tailings 
from the last run were saved and worked up by the Patio pro- 
cess, while the amalgam was washed, strained, and retorted in 
the same way as that from the Patio process, the treatment of 
which is described in Chapter VIII. The loss of mercury with 
pure native silver ores is said to average only 1 ^ ozs. of mercury 
per 1 lb. of silver, though in the case of chloride ores the loss is 
something like | lb. at least for each pound of silver. The simple 
process just described, though obsolete at the mines of the 
Consolidated Batopilas Silver Mining Coy., is still in use at 
dozens of small mines in the same rich native silver district, 
which has turned out silver valued at over X40,000,000 sterling, 
chiefly by this primitive method. 

Direct Amalgamation in " Tinas." — Like direct amalga- 
mation in arrastras, this process is only applicable to ores in 
which the predominating valuable constituent is native silver, 
with more or less of chloride, bromide, or iodide. The process 
was at one time employed at Kongsberg (Norway) ; it was for 
many years in use for treating rich surface ores at Copiap6 
(Chili), and also at silver Islet (Michigan). At the present time 
the author is unaware of any place where it survives, but it 
would be advantageously used in case of any new discovery of 
similar ores. The construction of the tinas is plainly shown in 
Figs. 1 and 2.* 

The bottom is a cast-iron plate, 1^ inches thick in its thinnest 
* From Percy, op. cit., p. 589. 
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part, and strengthened as shown ; the sides are wooden staves, 
2^ inches thick and 4 feet high, held together by three hoops of 
flat bar iron 2J inches by f inch. The tubs are from 4 to 6 feet 
in diameter at bottom and about 6 inches less at top, and 
arranged in line so as to be driven by clutch gear from a line 
shaft. The scrubbers, or agitating arms, A, are of cast or 
wrought iron and revolve at from J to J inch above the cast-iron 
bottom plate. 
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10 ri 



_ Figs. 1 and 2. — Tinas (Elevation and Plan). 

The ore was crushed in Chilian mills (see next chapter) and 
charged into the tinas with the agitators in motion at the rate 
of 16 revolutions per minute, together with sufficient water to 
make a thin mud. The charge of mercury varied according to 
the richness of the ore from 150 lbs. upwards. Unlike the 
arrastra process, in which the proportion of mercury is always 
kept as low as possible so as to make a " dry " amalgam and pre- 
vent loss by leakage through the chinks of the pavement, the 
tina process used a large excess of mercury, forming a liquid pool 
on the bottom of the tub. Progress of the amalgamation was 
followed by washing samples in an earthenware saucer; rich 
native silver ores would be completely amalgamated in four to six 



I'*- 



34 THE METALLURGY OP SILVER. 

hours, while horn-silver and chloro-bromides frequently required 
from twenty up to twenty-four hours, owing to the diffi- 
culty of bringing the flat scales formed during grinding into 
complete contact with the bath of mercury. When amalgama- 
tion was completed, the contents of the tina were allowed to 
settle for a few moments, the mercury drawn off through a 
spout into an iron kettle, and the whole of the ore-mud flushed 
out into slime pits. The heavier parts which settled in these 
were called "relaves," and were re- treated by the Patio process 
(subsequently by smelting), while the lighter parts were com- 
monly thrown away. The mercury was strained through canvas 
bags, and the resulting dry amalgam moulded and retorted 
under a bell similar to that used for retorting Patio amalgam ; 
the cones of retort silver called " plata pifia " averaged about 
920 fine. 

This process, though not now in use, is admirably suited to 
the amalgamation of ores carrying only finely-divided native 
silver and chlorides practically free from other argentiferous or 
base heavy metals ; but, as such ores are of very limited occur- 
rence, its applicability is but small. When the silver exists 
entirely in the metallic form the loss of mercury is exclusively 
mechanical and should not exceed an ounce per pound of silver 
produced, but when most of the silver occurs as chloride or 
other haloid compound, the loss may reach 10 ozs. to the pound, 
for in that case mercury is chemically lost through combination 
with the haloid element — 

2AgCl + 2Hg = HgaCl + 2Ag, 
though a portion of the calomel formed is reduced by the iron 
bottom. 

Argentite and other more complex silver minerals remain 
unaltered and are carried away in the "relaves," as well as 
chloride and other haloid compounds of silver in crystals, 
grains, and scales, whicl^ are only attacked by the mercury 
with great difiiculty. 



CHAPTER III. 
THE PATIO PROCESS. 

Ores Suitable to Patio Treatment. — The ores which are best 
suited to Patio treatment are those so common in Mexico and 
in parts of Peru and Bolivia which are composed of a quartzose, 
ferruginous, or calcareous gangue, spotted here and there with 
finely disseminated native silver, argentite, stephanite, pyrar- 
gyrite, polybasite, proustite, and all the powdery " chlorides " or 
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haloid compounds, giving a total contents of 20 to 150 ozs. of 
silver to the ton. Considerable amounts of pyrites, galena, 
cerussite, and carbonates and sulphides of copper may be present 
without much interference with the process, but the presence 
of any very large quantity of blende prevents a good extraction. 
Ores in which the silver exists chiefly as proustite or as 
argentiferous tennantite, fahlerz, bournonite, bornite, galena, 
blende, or mispickel must be roasted before treatment, or the 
extraction will be very low ; and ol-es which contain large 
quantities of blende, even when the silver itself exists as steph- 
anite or other easily reducible mineral, must be roasted before 
treatment, and require a large quantity of chemicals. Ores 
which contain crystalline or scaly varieties of chloride, bromide, 
or iodide of silver are quite unsuited to the process. 

Crushing. — Ores for the process require to be ground so 
finely as not to feel gritty when rubbed between the thumb and 
forefinger, which may be done by any of the forms of crushing 
machinery. Stonebreakers are but seldom required, as the ores 
are usually broken by hand at the mines to sort out waste and 
first-class ore containing upwards of 200 ozs. per ton, which is 
shipped to smelting works, so that the ore which arrives at the 
reduction works is rarely larger than egg or fist size. Where, 
however, there is but little scope for sorting out first-class ore 
or waste, stonebreakers can be advantageously used as prelimi- 
nary crushers. 

The crashing to fine powder for the patio is almost invariably 
performed in two stages, the second of which is always done wet 
so as to yield a mud in suitable condition for the patio, while at 
the same time with ores containing gold advantage is taken of 
this wet crushing to recover most of that metal by direct amal- 
gamation with mercury. When the ores contain no gold they 
may be wet-crushed with stamps or Chilian mills direct for the 
patio, while in cases where a preliminary roasting of the ore is 
found to be advantageous (as with those containing blende and 
proustite) the crushing must be done dry. 

The first stage of crushing (down to ^-inch or less) may be per- 
formed by means of stamps (Tnorteros), rolls {rodillos), or Chilian 
mills (trapiches or molinos) ; the second stage by means of stamps, 
Chilian mills with steel runners or arrastras. 

Stamps. — Light stamps with square iron heads and iron or 
wooden stems, much resembling those still used in Cornwall, as 
well as in Germany and other parts of the Continent, are still 
used to some extent ; they are occasionally worked by mules, 
but more commonly by water-wheels and, sometimes, by steam. 
They have, however, been largely replaced by Chilian mills, 
except where there is an abundance of water power. 

At Tasco (Guerrero) * the stamps are twelve in number, with 
* Chism, E. and M. J., July 20, 1889. 



36 THE METALLURGY OF SILVER. 

wooden stems and iron heads weighing about 350 lbs. each, and 
dropping about 24 inches at twenty-three drops per minute. 
They are driven, together with two arrastras, by means of an 
overshot water-wheel, 29 feet in diameter and 2 feet across the 
breast. The battery of twelve heads crushes 6 to 8 tons of ore 
through a 40-mesh screen. In this case no second or wet crush- 
ing is required, for the ore has to be roasted before going to the 
patio, which is performed in a small hand reverberatory. 

Rolls.— These have largely replaced stamps for crushing. At 
the Ed. Morrison Consolidated Works (Zacatecas) rolls of 24 inches 
diameter and 14 inches face follow a Dodge-crusher. At Fresnillo 
a plant of geared rolls has replaced the stamps formerly in use. 
There are two trains, each consisting of two pairs of 27-inch 
rolls, 18-inch face, set one over the other and making nine 
revolutions per minute, the capacity of each train being about 
130 tons of ore per day to 8 mesh size. 

At the Hacienda de Giiadalupe (Paohuca) the preliminary- 
crushing plant consists of two pairs of rolls, 30 inches diameter 
X 24 inches face, which crush to nut-size at the rate of nearly 
100 tons per twenty-four hours for each pair, the fine crushing 
being effected by Chilian mills. 

Chilian Mills. — The simplest kind of Chilian mill, still used in 
some places, consists of an annular channel built of blocks of 
stone, 10 to 12 feet in diameter and 12 to 18 inches wide, in 
which a stone wheel travels. In the centre of the circle is a 
wooden or stone post upon which turns a pivoted wooden 
vertical axle having a horizontal axle passing through its centre. 
To this is fixed by means of wooden wedges a vertical wheel 
(edge-runner) of granite or, preferably, of hard porphyry, from 6 
to 12 feet diameter and 9 to 15 inches face. The axle projects a 
considerable distance beyond the edge-runner or on the opposite 
side to it, and to its end are attached two or three mules. Such 
a mill driven by twelve mules, working three at a time in three- 
hour or four-hour shifts, and attended by one man and two boys 
on each shift, will crush from 4 to 6 tons of average ore per 
twenty-four hours to pea-size and less. 

At the Hacienda de Loreto (Pachuca) of the Real del Monte 
Co. single-wheel Chilian mills of primitive pattern are still used 
for grinding. The wheel weighs 2 tons and is worked by three 
mules, which are relieved every six hours, the capacity per 
twelve-hour shift being 30 to 40 cargas (4 to 5^ tons). 

Where water power is available, such Chilian mills are often 
driven by horizontal "hurdy-gurdy" or impact water-wheels- 
placed in underground chambers on the same axis, and running 
at the rate of twelve revolutions per minute. Such are called 
in Peru " ingenios," and their construction is shown in Fig. 3.* 

* Pfordte, "The Cerro de, Pasco Mining Industry," Trans. A.I. M.E.^ 
vol. xxiv. , p. 111. 
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Some twenty years ago, both at Zacatecas and Guanajuato, 
large iron-shod Chilian mills were introduced in place of the 
simple stone edge-runners. They consist of a large stone wheel 
about 4 feet 6 inches in diameter, to which is affixed, by means 
of wooden wedges, a heavy cast-iron tyre, 16 to 18 inches wide 
and 4 or more inches thick, formerly made in six segments 
bolted together, but now more frequently in one piece or two 
at most. This wheel (sometimes a pair of similar wheels is 
employed) rotates on a horizontal shaft, which is attached to 
a vertical shaft, and one end of which projects as usual so that 
three mules can be attached to it. The annular path on which 
it runs is composed of segments of cast iron, usually eight in 
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Ingenio. 



number, a trifle wider than the runner and of about the same 
thickness, the outer rim being formed by blocks of stone set in 
the ground. The mill is built upon a strong arch so that a 
small passage leads to the centre of the annular space, which is 
covered by a conical screen of sheet iron punched with holes 
from J to 1^ inch in diameter. As the wheel travels over the ore 
a boy shovels up the latter on to the screen, through which 
those particles which are sufficiently fine pass, while the coarser 
pieces roll back again on to the wheel-path. 

The output of these mills with iron-shod runners is much 
greater than that of those with plain stone runners, but the 



38 THE METALLURGY OF SILVER. 

presence of particles of iron in the ground ore is generally 
thought to be prejudicial to the progress of the reactions in the 
patio process, and, therefore, in some places stone runners are 
preferred in spite of the acknowledged smallness of their output 
and greater cost of working. 

At the Hacienda de Guadalupe (Pachuca) the ore crushed to 
nut-size by the rolls, already referred to, is shovelled (as re- 
quired) into a row of fourteen Chilian mills crushing wet, each 
with a pair of runners consisting of a stone centre weighing IJ 
tons, with a steel tyre 1 foot face and 6 inches thick weighing- 
about 2 tons. The runners roll upon an annular steel sectional 
die 2 inches thick, which gets worn out in from eight to twelve 
months, while the tyres last on an average three years. Each 
machine makes 14^- revolutions per minute, takes 6 to 8 H.P., 
and grinds about 7 tons per twenty-four hours. 

At the works of the Compania La Union (Pachuca) and also at 
those of the Bote Coy. (Zacatecas), Chilian mills built entirely of 
iron with steel working faces, as shown in Fig. 4, are used for fine 
grinding at one operation. No further grinding is required ;. 




Fig. 4.— Chilian Mill. 

and as the ore at the La Union Works is treated not by the 
ordinary patio, but by a modification of the barrel amalgam- 
ation process, the presence of a few small particles of steel in 
the ground ore is not objectionable. The rollers are of cast 
iron, 8 feet in diameter with a steel tyre 6 inches thick, and 
they weigh about 10 tons each, the weight of the whole machine 
being about 27 tons. The runners revolve about twelve times. 
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per minute and grind about 1500 lbs. per hour of hard quartzose 
ore through a 120-me8h sieve. The steel tyre lasts for five to 
six months, during which time it grinds more than 2000 tons 
of ore. 

Ball Mills might also be employed, as in connection with the 
Tina process in S. America (see next Chapter), but the author 
is not aware of any case where they are used for crushing ores 
preparatory to patio treatment. 

The second stage of crushing is generally performed wet by 
means of arrastrtis, but may also be performed by means of 
Chilian mills, as at the Hacienda de Guadalupe, the pulp being in 
this case carried off continuously by a stream of water and 
settled in huge settling-pits, whereas in the more common case 
the whole of a charge is worked to thick slime and discharged 
together. 

Arrastras. — The arrastra or tahona of the ordinary kind, 
shown in Figs. 5 and 6, is essentially a circular pavement of 
stone, from 9 to 16 or even 20 feet in diameter, upon which the 
ore is ground by means of heavy mullers, surrounded by a low 
wall of wood or stone. In some rude arrastras the stone 
pavement is composed simply of river boulders or of irregular 
quarried blocks laid with the flattest side uppermost and bedded 
in clay, but in large Haciendas it is constructed of successive 
circles of long deep granite, porphyry, or quartzite stones, 
roughly hewn to shape and set edgewise very close together 
so as to leave as little room as possible for mercury to filter 
down. When the stones are well wedged up in a good puddled 
clay or slime from a washed torta there is surprisingly little 
loss, and the pavement will last for months. In some cases 
natural columns of basalt have been used for paving arrastras. 
The outer wall is composed of long flat blocks of granite or 
other rock roughly hewn into shape and imbedded in the 
ground a couple of feet so as to stand up a foot or 18 inches. 
The central stone upon which the axle turns has a drillhole in 
its upper surface for the pivot to work in. 

The stone drags, or mullers, called " voladoras," have iron ring 
bolts wedged into drUlholes in their upper surfaces, by means of 
which they are attached to the cross-arms by twisted thongs 
of raw hide, or by chains. They may be of granite, felsite, 
diorite, or not too fine-grained basalt, and are two or four 
in number. In the latter case, those on the mule-arms are new 
stones, 3 to 4 feet long, 18 inches to 2 feet wide, and 12 to 15 
inches thick, weighing 10 to 12 cwts., wliich do most of the 
grinding ; the stones on the cross-arm are old worn stones, and 
serve chiefly for mixing. New stones last generally from six 
weeks to two months, and it has been estimated that between 
the drags and the pavement from 6 to 10 per cent, of the weight 
of the ore is ground away. The quantity of water used is about 
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one and a-half times the weight of the ore, but it is added in small 
quantities at a time as the grinding proceeds. 

At Zacatecas a 12-foot arrastra is usually worked by eight 
mules, which work two at a time in thi-ee-hour shifts, and grind 
from 1^ to 1 ton per twenty-four hours. At Hacienda La Granja 
the charge for an arrastra of this size is 14 cwts., which is put 
in at 6 a.m. and taken out next morning at 4 or 5 a.m. One 
man and a boy look after five arrastras, and are paid by the piece, 
about Is. 6d. per "monton" of 2000 lbs. being the usual rate. 

At Pachuca, the arrastras are usually about the same size, but 
are worked by three mules at a time as they have four " vola- 
doras " instead of two, as commonly seen at Zacatecas. The 
stones are of porphyry, and last from two to two and a-half 
months. At Guanajuato the ore usually contains more gold, 
is ground much finer, and the daily charge for a small-sized 
arrastra is only 600 lbs. 
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Figs. 5 and 6.— Arrastra (Plan and Section). 

Arrastra de Cuchara. — Where water-power is available 
arrastras fcare sometimes driven by horizontal hurdy-wurdy 
wheels, either in underground chambers, on the same vertical 
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axle, or arranged around the arrastra itself over \vhat is ordin- 
arily the mule-path.* In the case referred to by Chism the 
arrastra is 10 feet in diameter, and the charge of 1500 lbs. takes 
three days to grind. This method of utilising power is extremely 
wasteful as not more than 25 per cent, is utilised ; it would 
be much better to put in a large wheel, or turbine, and drive 
each arrastra separately by means of clutch gear from a single 
long shaft. 

Arrastras are now frequently run by steam ; those at the plant 
of the Ed. Morrison Consolidated Mining Coy. (Zacatecas) are 
12 feet in diameter, and grind from 6 to 10 tons per twenty-four 
hours with a consumption of 6 H.P. each. 

Extraction of Gold in Arrastras. — Whenever the ores contain 
any considerable proportion of gold, as in Guanajuato, the districts 
of Jesus Maria and Guadalupe y Calvo (Ohihuahua), San Dimas 
and Guanaceir (Durango), &c., this is often extracted as perfectly 
as possible by adding mercury in the arrastra and grinding 
thoroughly before passing on the ores to the patio for extracting 
their silver contents. The reason for this is that if the gold 
were left to take its chance of being amalgamated along with the 
silver in the patio it would be necessary to "part " the whole of 
the silver obtained at a very heavy expense, whereas by con- 
centrating it in the small quantity of free or easily amalgamable 
silver the quantity of bullion to be parted is very sinall, and the 
"patio" bullion will be nearly free from gold. 

The grinding in the arrastra is conducted as usual, except that 
it is more thorough, a smaller quantity of ore being treated at 
once. The quantity of mercury added varies, according to the 
supposed richness of the ore, from 2 or 3 ozs. up to 10 or 12 ozs. 
per day, but it is always kept as low as possible in order to 
ensure the amalgam produced being "dry," and to prevent loss 
by leakage through interstices in the floor. A proper " clean- 
up " of the arrastra only takes place at intervals of from one to 
three months, when the whole of the floor is carefully scraped, 
and the slime between the permanent stones dug out as com- 
pletely as possible. 

Use of Silver and Gold Amalgam. — In Guanajuato the floor 
of the arrastra is often plastered with a layer of silver amalgam 
before starting work, both because silver amalgam catches gold 
much better than pure mercury, and because it will remain 
spread all over the bottom, thus exposing a greater surface, 
instead of collecting in pools as liquid mercury would do. 
Subsequent additions of mercury are made every day. The 
auriferous amalgam obtained contains, after retorting, 4|^ to 6 
per cent, of gold, and the extraction is equivalent to about 60 
per cent, of that contained in the ore, most of the remaining 40 
per cent, being found in the silver from the Patio process and in 
* See Chism, Trans. A.I.M.E., vol. xi., p. 63, for an illustration. 
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the concentrates from the washed torta. The amount of silver 
extracted is comparatively insignificant, for the Guanajuato ores 
contain practically no native silver or chlorides. It is found that 
the loss of mercury in this process is about 1 oz. for each ounce 
of silver extracted, and, therefore, the reduction probably takes 
place by the mercury combining with the sulphur of the argentite 
direct — 

Ag^S + Hg = HgS + 2Ag. 

At the El Bote Mine (Zacatecas) the same process is followed, 
and here also the extraction of the very small quantity of gold 
in the ores is fully 60 per cent. — a very much better result than 
can be obtained bv grinding these same ores in iron pans. 

At some of the Guanajuato Haciendas silver amalgam has 
been replaced by copper amalgiam, as first tried by Lukner at 
Guadalupe y Calvo (Chihuahua). This copper amalgam is fre- 
quently prepared by roasting cupriferous concentrates together 
with salt, and rotating the roasted mass in a barrel together with 
scrap iron, water, and excess of mercury. The iron precipitates 
the copper from solution, and it is taken up by the mercury. On 
subsequently straining off the excess the pasty amalgam left 
contains about 10 per cent, copper and 1 per cent, silver. Each 
arrastra has about 10 lbs. of such copper amalgam plastered over 
the bottom at starting, and subsequently with ordinary ores 
about 8 to 12 ozs. of mercury is added to each ^ ton charge 
(which takes twenty-four hours to griiid). The method of adding 
is the same as in the Patio process — viz., by squeezing through 
a cloth so as to subdivide it as finely as possible. The copper 
gradually disappears from the amalgam, being, no doubt, carried 
away as sulphide, while a rich auriferous amalgam free from 
copper remains. The campaign usually lasts two months, and 
18 to 20 lbs. of auriferous amalgam may be obtained from the 
scrapings by washing. 

The washing process may be conducted in a tub-settler or in a 
masonry tank as described by Chism.* 

Numerous arrastras are still used in remote regions of the 
United States, mostly worked by water-power ; with fairly rich 
ores they yield 90 per cent, 'of the assay value, and when the 
tailings carry silver they are generally treated in pans. Some- 
times, however, the arrastra itself is used to save silver as 
well as gold, and in that case salt and copper sulphate are 
ground up with the ore. 

At the Scales and Wagner arrastra mill (Idaho) in 1880, 
according to Egleston,t 1772 tons of ore were treated in this 
way ; the average value of the ore in gold and silver combined 
was $115.85, and the average assay of the tailings (chiefly silver) 

* Loc. cit. t S. ofM. Q., vol. viii., No. 2, p. 134. 
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■was §9.50 giving an average extraction of 91-80. The average 
cost was : — 

Labour (including enginemen in summer], per ton, $4.50 
Fuel in summer, 0"32 cord wood @ ; 

Salt 7-9 lbs. @ 

Bluestone, . . 1 '7 lbs. @ 

Quicksilver, . . 1-7 lbs. @ 
Oil, chemicals, and sundries, 

3.95 

$8.45 

or, say, 35s per ton. 

Removal of Ore to the Patio. — The ground ore is either 
run out by means of a stream of water from the arrnstras or 
Chilian mills into settling tanks, or is dipped out from the 
arrastras into slung casks, or hand barrows, and taken direct to 
its place on the patio ; temporary dams of poles and stones being 
formed to keep the slimes in place until they can dry to the 
proper consistency. 

The patio floor is usvially built of stones laid as closely 
together as possible in stiff clay or in hydraulic mortar. Floors 
have been paved with rectangular blocks of hewn stone and with 
asphalt, but the cost of both is practically prohibitive. Wooden 
floors, composed of tongued and grooved planks, have also been 
used, but they are both expensive and troublesome, having to be 
kept flooded with water — often no easy matter in a dry country. 
Bricks laid edgewise, and as close together as possible, in hydraulic 
mortar make a very good floor. 

When the slime has dried to the consistency of brickclay it is 
turned over with shovels and formed into a flat, circular, or oval 
cake about 12 to 24 inches thick, called a "torta" or "trilla,"' 
which may contain from 20 to 300 tons of ore,* biit in large 
haciendas will usually contain about 150 tons. 

Reagents used in the Patio Process. — The active reagents 
in the Patio process, besides mercury, are salt and copper sulphate. 
Cojuper precipitatf, lime, and wood ashes are reagents sometimes 
used for special purposes. 

Salt. — This reagent was formerly often employed in a crude 
form as deposited, from inland lakes, and containing, according to 
various authors quoted by Percy,t from 19 to 56 per cent, of 
sodium chloride, together with carbonate of lime and soda, sul- 
phate of soda and earthy matter. At the present time, however,, 
such inland salt is generally purified on the spot and reaches the 
reduction works in the form of coarse-grained crystals, similar 
in appearance to "bay salt" ; it averages over 90 per cent. NaCL 

* The latter figure is reached in the Hacienda de Guadalupe, Pachuca. 
t Metallurgy of Silver and Oold, vol. i. , pp. 598 and 599. 
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Copper Sulphate. — This substance was formerly employed ex- 
clusively in the form oi magistral, which, of late years, has been 
largely replaced by bluestone imported from European and 
American refining works, the smaller bulk ot which renders it 
really much cheaper, while its uniformity of composition renders 
it more trustworthy, and enables more accurate control to be 
kept over the working. 

Magistral is prepared by slowly roasting copper carbonate ores 
with copper or iron pyrites, or with the heavy sulphides which 
settle out when the "torta" is washed after amalgamation, a 
small quantity of salt being usually added. The mean of several 
analyses of average samples of magistral from different localities 
prepared in the above way was, as quoted by Percy,* 16 per 
cent. CuSO^ (anhydrous), 7 per cent. FeSO^, 23 per cent. Fe203, 
and 5 per cent, insoluble CuO ; usually, however, only 50 to 70 
per cent, of the total copper in the ore is converted into sulphate. 
The old test of the strength of magistral was to hold a handful 
in the closed fist under water and note the rise in temperature 
(piquete), caused by the hydration of the sulphates, it being 
formerly supposed that magistral which had become hydrated by 
exposure to the air, and consequently showed no rise in tempera- 
ture when thus tested, was practically worthless without 
re-roasting. At the present time, however, amalgamation 
masters have more scientific knowledge, and, consequently, the 
additions of magistral are with greater certainty proportioned 
to the work to be done. 

At a few places in Zacatecas, Michoacan, and elsewhere 
magistral is still used in preference to copper sulphate, because 
the near proximity of copper mines enables it to be cheaply pre- 
pared on the spot, but in other States, especially in Guanajuato, 
Hidalgo, Oaxaca, Guerrero, Chihuahua, and Sonora, the crystal- 
lised bluestone is used almost exclusively. 

Ferric sulphate has been tried as a substitute for copper 
sulphate, but with poor results ; in some comparative experiments 
reported by Laurf the extraction obtained in a torta with copper 
sulphate was 85 per cent., while in one with iron sulphate it 
was only 35 per cent. 

In parts of Chili and Bolivia, where the Patio process is in 
use to some extent, magistral is prepared by mixing the natural 
ferric sulphates (coquimbite, copiapite, fibroferrite) with car- 
bonate and oxide ores of copper, whereby a double decomposition 
takes place with formation of copper sulphate and hydrated iron 
oxide. Sometimes aiacamite has been used with still greater 
efficacy, inasmuch as it already contains copper chloride and so 
requires less salt. 

Proportions in which Keagents are Employed. — The pro- 
portions used vary according to the nature of the ores treated, 

* Op. rit., p. 595. + Annales des Mines, 6th series, vol. xx., p. 262. 



THE PATIO PROCESS. 45- 

and to a certain extent with the custom of each Hacienda or of 
each district. 

Salt. — At Zacatecas the quantity varies at different Haciendas 
from 2| to 6 per cent., a general average being four arrobas per 
monton* of 2000 Spanish pounds (=2029 lbs. avoirdupois) or 
5 per cent. At Guanajuato the quantity varies between 3 and 
4| per cent. ; in the State of Durango from 3J to 4| per cent. 
At the principal establishments in Pachuca the uniform pro- 
portion of 4 per cent, is adopted. It should be borne in mind 
that the quantity added is in all cases largely in excess of that 
required for the reactions, and, therefore, a uniform proportion 
may be adopted irrespective of variations in the composition of 
the ores. 

Magistral. — The amount varies according to the nature of the 
ores, the least proportion being required with siliceous ores com- 
paratively free from base-metal sulphides. At Zacatecas, where 
the ores are heavily charged with pyrites and other sulphides, 
the proportion of magistral added varies from 35 up to 125 lbs. 
per monton of 2000 lbs. ( = If to 6J per cent.) according to the 
strength of the magistral and the more or less refractory nature 
of the ore. Generally, however, about 2 per cent, is reckoned 
to be amply sufficient for an ordinary 60-oz. ore of the " negro " 
class. ' 

Copper Sulphate. — When this is used instead of magistral the 
quantity us^d varies from 4 up to 20 lbs. per ton (0-2 to I'OO 
per cent.) according to the nature of the ore and the character 
of the grinding process to which it has been subjected. With 
ordinary arrastra-ground pulp both at Pachuca and Zacatecas the 
proportion used is from 4 to 5 lbs. per ton (0-2 to 0'25 per cent.). 
It should be noted, however, that when the pulp has been ground 
in mills wholly or partly of iron the proportion of bluestone 
employed must be very largely increased to give the same 
results, owing to precipitation of metallic copper, which (as 
will be seen hereafter) is much less active than its salts. Thus 
at Hacienda de Loreto, Pachuca, where both systems of grinding 
are at work side by side, the pulp from the arrastras (stone) re- 
quires only 0'2 per cent., while that from the chilenos (iron) takes 
I'O per cent, of bluestone to give the same results. It was pre- 
cisely for this reason that patio amalgamators had such a rooted 
antipathy against the use of iron in any form, for not being able 
to afford sufficient " magistral " to counteract its reducing effect 
the results obtained on pulp ground in iron mills were neces- 
sarily inferior. 

Mercury. — The proportion of mercury employed shows less 
variation, the general rule being to add about 6 ozs. of mercury 
for every ounce of silver which the torta is expected to yield. 

* The Zacatecas monton is 2000 lbs., that of Pachuca 3000 lbs., that of 
Guanajuato 3200 lbs. 
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Estimating the yield at 80 per cent, of the total contents, it is 
evident that the total quantity of mercury required is about 
seven and a-half times the quantity of silver in the ore as deter- 
mined by fire-assay. At Pachuca the rule is to add seven times 
the weight of silver present determined by assay. The total 
quantity required is never added all at once. 

"Working of the Patio. — As soon as the " torta " has reached 
a proper consistency the required quantity of salt is spread over 
the surface with shovels, and six to twelve horses or mules, 
attached together by means of a long rope passed through their 
halters, are turned in to tread it. The end of the rope is held 
by one man in the x:entre of the heap who changes his position 
in such a way as to leave no part of the heap untrodden. After 
about an hour's treading the whole heap is spaded over by six 
men who turn the bottom layer to the top as thoroughly as 
possible, after which the string of animals is again turned on for 
another hour, the combination of two treadings with a spading 
between being called a " repaso." A sample is then taken from 
every portion of the heap, which is smoothed and levelled over 
and left till next day. The operation of adding salt is called 
" ensalmoro." The next thing is to add the required proportion 
•of magistral or bluestone, which, if the ore is of known char- 
acter, is determined by previous experience. If the ore is new 
to the amalgamator he makes several small experimental tortas 
of a hundredweight or So each, and is guided by the results 
indicated by washed samples of these. The full quantity required 
is, in the case of a new class of ore, never added at once, because, 
if too little is added, the consequence is simply a slight loss of 
time which can be easily remedied, whereas the addition of too 
large a quantity is disastrous as regards the loss of mercury and 
may be so as regards the extraction of silver. 

Magistral is always simply sprinkled broadcast over the heap 
as evenly as possible and thoroughly trodden in by men or horses 
or both ; bluestone also is usually finely powdered and sprinkled 
over the heap, but, occasionally, a strong solution is made with 
hot water and sprinkled over the heap with a watering-pot with 
the idea of saving time in the mixing. 

The required amount of mercury is then sprinkled over the 
heap by squeezing it through a cotton cloth. Formerly at 
Zacatecas the custom was to add at first only two-thirds of the 
quantity of mercury estimated as necessary ; the Guanajuato, 
Pachuca, and more common practice, however, is to add the 
whole quantity required at once. After adding the mercury 
a "repaso" or treading is given for another hour or two, and a 
sampler ("tentadurero") then walks all over the heap, taking at 
-every few steps a small quantity of ore from the top and another 
equal quantity from the bottom after pushing away the top ore 
with his foot. 
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The sample collected in this way, weighing from ^ to 1 lb. or 
more, is taken to the foreman of the patio, who " vans " it in 
a rough horn spoon,* breaking u|) any lumps with his fingers 
as gently as possible and without rubbing the sample against 
the horn, as that would tend to collect the mercury into one 
globule and spoil the test. The test, after vanning, shows the 
following appearances : — At the bottom of the horn a globule 
of liquid mercury of the natural colour, above this a layer of 
metallic sulphides, and at the top a "ceja" (eyebrow) of finely- 
divided mercury. It is taken in the horn to the amalgamator, 
who judges the condition of the "torta" by the appearance of 
the "ceja." If the globules are of rather a large size and run 
together very readily into a globule of the natural colour or 
slightly bronzed, the torta is said to be " cold," the operation is 
not far enough advanced, and more magistral must be added. 
If, on the other hand, the extreme edge of the "ceja" appears 
as a fine ash-grey or dark-grey powder, which does not form 
globules on rubbing, the torta is getting too " hot," and some 
lime or wood ash must be immediately trodden in to neutralise 
the efiect of the overdose of bluestone. When the operation is 
proceeding properly the " ceja " should consist of minute pearly- 
grey globules without any powder, and on gentle pressure with 
the thumb against the horn these very fine globules should run 
together and run down sluggishly in an oval shape to the 
bottom of the spoon, where they remain as a chain of little 
globules which do not readily unite except through continued 
rubbing The colour should always be a light pearly grey, and 
on ])ressing or rubbing some of the mercury should adhere to 
the ball of the thumb, indicating that it has already commenced 
to take up silver. 

If the indications are normal as above, the torta is turned 
completely over so as to bring the bottom layer to the top and 
a treading is given as before, the operations of adding the 
magistral and mercury being called collectively the " incorporo." 

The day after the " incorporo " a sample is taken from all parts 
of the heap and vanned as before by the patio foreman. This 
second-day sample should show at the bottom of the spoon 

* Vanning tests are made in Mexico in several different ways. For i/old, 
where a large quantity has to be taken, the batea (a shallow bowl cut out 
of a block of mezqulte wood) is commonly used. It is out by hand and 
forms a segment of a, sphere varying from 10 to 16 inches diameter and 
3 to 4 inches deep. For silver, mercury, and all other hea^'j' metallic 
substances the common utensil is the " cuohara " or horn spoon, made by 
sawing in halves longitudinally the larger end of a fair-sized bullock's 
horn. In some districts small saucers of red or black pottery called 
' ' platillos " are used for the same purpose, and in the hot districts, where 
agriculture instead of cattle raising is the staple interest of the country, 
a section cut from a tree-gourd and called a "jicara"is frequently used. 
A large well-shaped horn spoon, however, is the best of all vanning imple- 
ments for finishing a test. 
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a large globule of clean mercury (which should be very fluid, 
while at the same time showing a little brilliant pasty amalgam 
on squeezing) and a very narrow "ceja" of finely -floured 
mercury. On the morning of the third day the torta gets 
another treading, during which, if it has become too dry (as is 
usually the case), water is sprinkled over it, a little at a time, 
taking care that the mud remains stiff enough not to obliterate 
the hoof prints, the right amount being about 33 per cent, 
moisture. After this " repaso " another assay is taken. This 
should now show, instead of free mercury in the "ceja" only, 
an edge of fine brilliant particles of pasty amalgam called 
" limadura," which, on pressing, exude a little mercury. If the 
limadura is too soft and contains much mercury more "magistral" 
is required ; if, on the contrary, as frequently happens when 
only two-thirds of the mercury has been added at first, it is 
quite hard and dry under pressure, the rest of the mercury 
must be added at once. Whenever fine ash-grey powder is 
shown at the extreme edge, the torta is too hot, and a little 
slaked lime and woodashes should be trodden into the heap. 
This fine ash-grey or dark-grey powder is partly composed of 
calomel, or rather of minute globules of mercury coated with 
that substance, formed by direct action of an excess of copper 
chloride upon the metal.* 

Instead of lime or woodashes, which actually destroy a portion 
of the active copper chlorides present without regenerating the 
mercury, some amalgamators use precipitated copper, which 
immediately reduces the excess of cupric chloride to cuprous 
chloride, and so prevents it from acting upon the mercury with- 
out destroying its action upon silver compounds. 

Supposing everything to be going well by the third day the 
usual custom is to "tread" each torta on alternate days only, 
but this entirely depends on the indications of the daily tests. 
When too cold two " repasos " may be given in one day, when 
too hot the torta may be allowed to rest entirely for several 
days. The following successive appearances should be shown 
by the daily tests : — At first the " limadura " should increase 
in amount, in size of the individual particles and in dryness, 
while the globule of fiuid mercury decreases in size and in 
fluidity. Secondly, pieces of dry amalgam {"pasillas ") should 
appear in the layer of sulphides {"asientos"). Lastly, both 
limadura and globule of residual mercury disappear altogether, 
and nothing is left but irregular pieces of dry amalgam distri- 

* According to Egleston {Metallurgy of Silver, tfcc, in the U.S., vol. i., 
p. 287), "when there is an excess of magistral the chloride of mercury 
acts upon the sulphide of silver and makes chloride of silver and sulphide 
of mercury, which latter is entirely lost." Therti is certainly something 
wrong about this remarkable statement, for sulphide of silver is absolutely 
unaffected by calomel and the existence of the bichloride of mercury is 
inconceivable in presence of an excess of the metal. 
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buted through the "asiento" and a very thin edge {"ceja") of 
floured mercury (desecho), which should easily run together on 
pressure as on the second day immediately after the incorporo. 
The amalgamation is now at an end, and the torta is ready to 
be washed. 

At Zacaiecas and in Mexico generally, as soon as the amal- 
gamation is finished, a "bafio" or addition of liquid mercury 
to the extent of 6 or 7 lbs. per ton of ore is made, chiefly in 
order to dissolve and collect the dry amalgam. At Guanajuato 
and elsewhere, where the proportion of heavy sulphides is 
smaller and where the ore is ground finer before going to the 
patio, this " bafio " of mercury is omitted ; but, instead, 8 lbs. 
extra of mercury for each pound of silver are added to tbe torta 
in the first instance, and a variable amount of extra mercury is 
put into the washing vats. 

Time Occupied in the Process. — No general rule can be 
given, so much depending on the class of ore and the way in 
which the process is conducted. 

At Zacatecas the average time required for small tortas is 
ten to twelve days in summer, and fifteen to twenty days in 
winter. At Guanajuato, and especially at Packuca, where 
extraction is more thorough, owing chiefly to the custom of 
buying ores out and out instead of treating them at so much 
per ton, the "beneficio" of the large 150-ton tortas employed 
generally takes from twenty to twenty-eight and sometimes 
thirty days. 

By far the largest part of the total silver extracted, however, 
is amalgamated during the first few days. Thus Percy quotes 
a case at Guanajuato of a torta which took thirty-three days 
altogether, in which it was found that 93 per cent, of the total 
extraction had been amalgamated by the twelfth day, and it is 
generally reckoned that at least half the silver is always amal- 
gamated by the third day. 

It is known in general terms that a high temperature acceler- 
ates, while a low temperature retards the reactions upon which 
amalgamation depends ; and, further, that the amount of moisture 
present has an important effect, tortas worked too wet showing 
a low extraction of silver with a low loss of mercury, while the 
opposite results follow when worked too dry. 

The frequency and duration of the " repasos " also have a great 
influence on the rapidity of the process. At Guadalupe y Galvo 
many years ago experiments on this point were made by 
Macintosh.* Two tortas of the same size having been pre- 
pared of the same ore in precisely the same way and with the 
same quantity of reagents and mercury, the one was given eight 
" repasos " of five or six hours each at intervals of three or 
four days, while the other was trodden continuously day and 
* Parcy, op. cit., p. 619. 

4 
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night by relays of mules. The first took twenty-seven days 
to amalgamate, while the second was finished in three days six 
hours ; but the time saved by no means paid for the extra cost. 

The perfection of the mixture and intimate contact of the 
particles of silver mineral with finely-divided globules of 
mercury are the most important factors in determining the 
time necessary for amalgamation. For this reason none of the 
various appliances invented at difierent times as substitutes for 
the treading by horses and mules * have proved successful, 
because they do not mix the material nearly so thoroughly. 

The treading, however, is very injurious to the animals, who 
frequently die or become permanently disabled from copper- and 
mercury-poisoning, following ulceration of the legs, or caused by 
licking up the ore mud for the salt which it contains. Care is 
taken to wash their legs immediately after work, while every 
precaution is taken to prevent their licking up the saline mud. 
The greater effectiveness of animal - treading, however, has 
enabled it to hold the field in spite of these drawbacks. 

IjOSS of Mercury. — In Mexico the loss of mercury is con- 
sidered under the two heads of chemical and mechanical loss. 
The former called " consumido " is erroneously supposed to be 
necessarily equal in weight to the silver recovered, ounce for 
ounce. Even if none of the mercury were converted into 
sulphide or chloride by the direct action of base-metal salts, 
on the supposition that the silver sulphide and chloride were 
reduced to metal direct by mercury the loss should be in pro- 
portion to the atomic weights — viz., 108 : 200, or nearly 15 ozs. 
mercury per mark (8 ozs.) of silver produced. In practice the 
loss varies with different ores from 7 up to 16 ozs. per mark of 
silver, averaging 11 to 12 ozs. 

The chief loss of mercury is undoubtedly as calomel, formed 
by reaction of chloride of copper and of silver upon mercury, 
and it can be much reduced by employing copper amalgam, as 
was first done at Guadalupe y Calvo. Instead, however, of first 
preparing the capper amalgam (as described on a preceding page), 
it is now more usual to employ precipitated copper, which is 
sprinkled through the heap either at the same time with the 
copper sulphate or subsequently. When copper is used in this 
way the usual proportion is one-third, the weight of silver 
supposed to be present, and in this proportion, combined with 
5 lbs. of copper sulphate to the ton, the total loss of mercury 
has been reduced to as low as 5 ozs. per mark, or, say, 63 per 
cent, of the weight of silver extracted. In Chili, where easily 
reducible ores are sometimes treated by the Patio process lead 
amalgam is sometimes used for reducing the loss of mercury 
which, by this means, is brought down to 4 ozs. per mark. 

It should be remembered, however, that the use of all such 
* Some of which are described by Percy, op. cit., pp. 610-614. 
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means for reducing the loss of mercury is attended by the dis- 
advantage of increasing the time required for complete extraction 
of the silver with any given quantity of reagents. 

Beactions of the Patio Process.* — Much has been written 
on this subject, but it cannot yet be said that the actual reactions 
are thoroughly understood, if indeed they are always the same, 
which may be considered doubtful. 

The first reaction is undoubtedly that of salt on copper 
sulphate — 

2NaCl + CuSOi = NajSOi + CuClj. 

The cupric chloride may then in part act directly upon silver 
sulphide — 

AgsS + CuCla = 2AgCl + CuS. 

But this reaction is slow, even if the cupric chloride could long 
exist in that condition (which it cannot), and it is probable that 
the larger part of the cupric chloride acts directly upon mercury, 
upon metallic copper if present, and upon small quantities of 
ferrous sulphate (produced by partial oxidation of pyrites in 
the ore during the grinding process) being reduced to cuprous 
chloride, which is the active agent in the process — 

2CuCl2 + 2Hg = CujClj + HgsCls. 

The mercury thus transformed into calomel is the chief item of 
loss in the process. 

Opinions differ as to the reactions between the cuprous 
chloride and the silver compounds. It is generally recognised, 
however, that any native silver present is probably taken up 
by the mercury direct without that previous transformation 
into chloride mentioned in old metallurgical text-books. 

As regards the reaction of cuprous chloride upon silver sul- 
phide most of the older text-books give 

AgaS -I- CuaCla = 2AgCI + CujS, and 
2AgCl + 2Hg = HgjClz + 2Ag. 

It is obvious, however, that a very large part of the silver in 
the condition of sulphide must in some way reach the metallic 
state without passing through that of chloride, for, otherwise, 
the loss of mercury as calomel alone (to say nothing of the 
mechanical loss by flouring) would when dealing with a sulphide 
•ore amount to 200 parts for every 108 parts of silver, which, as 
already seen, is by no means the case. The fact noted by 
Bowering that no silver chloride can ever be detected in the 
torta is, however, not convincing, because it may easily be 

* Peroy-Rammelsberg, Die MetaMurgie des Silbers und Ooldes, Bruns- 
wick, 1881, p. 12 ; Egleston, Metallurgy of Silver, Gold, and Mercury in 
ihe U.S., New York, 1887, vol. i., p. 289; Schnabel, Handhuch des 
Metallhiittenkunde, vol. i., p. 655. 
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supposed that nascent chloride would be more readily acted 
upon by mercury than that naturally existing in the ore. 

According to Laur, cuprous chloride dissolved in sodium 
chloride can act directly upon silver sulphide with production 
of metallic silver — 

AgjS + CU2CI2 = CuS + CuClj + 2Ag. 
A secondary action takes place, as shown by Rammelsberg and 
Huntington, with re-formation of cuprous chloride — 

CuS + CuClj = CU2CI2 + S. 

According to Bowering, TJslar, and Stolzel * the cuprous 
chloride acts by absorbing oxygen from the air and becoming 
an oxychloride — 

[2CU2CI2 + 02 = 2(CuCl2 . CuO)], 

which subsequently reduces the silver sulphide, regenerating 
the cuprous chloride according to the reaction — 

AgjS + 3(CuCl2 . CuO) = 3CU2CI2 + SO3 + 2Ag. 

According to Griitzner, quoted by Schnabel, t the insoluble 
oxychloride is not formed, and the reaction is as follows : — 

2AgjS + 2CU2CI2 + 30 = 4Ag + CujS + 2CuCl2 + SOj. 

The comparatively small production of calomel might be 
explained by either of the above reactions, but it is by no 
means certain that atmospheric oxygen enters into the re- 
actions at all. 

The reduction of CuClg to Gnfi]^ tnust, indeed, be effected by 
other agencies besides that of mercury, for otherwise the loss 
would be much greater than at present, since the CuClj yielded 
by the double decomposition with salt of 5 lbs. of bluestone per 
ton of ore would require 4 lbs. of mercury per ton for reduction. 
When precipitated copper is employed this reduces the chloride 
at once (CuClg + Cu = CugClg) ; when the ore has been ground 
with rolls or in Chilian mills with iron runners the small particles 
of detached iron act as reducing agents converting the chloride 
at once to sub-chloride (iCuClj -t- Fe = CujClj 4- FeClg) or even 
to metal when in sufficient quantity. When, however, neither 
metallic iron nor copper are present, it may be supposed that the 
metallic sulphides, or the ferrous sulphate produced by oxidation 
of pyrites during grinding, are the reducing agents which pro- 
duce cuprous chloride. 

On the much-debated question as to the reactions in the patio 
between CugOlg and AgjS, the author's experiments J lead him 

* Schnabel, op. cit. , p. 658. + Loc. cit. 

X " Notes on the Amalgamation of Silver Ores," Trans. Inst. Min. Met., 
vol. vii., p. 229, ei seq. 
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to conclude that the equation originally propounded by Laur — 
viz. : 

AgjS + CuaCLj = CuS + CuClj + 2Ag— 

more nearly represents what actually happens than any other. 
The bye-products of this reaction, CuS and CuOlj, undoubtedly 
react upon each other to some extent, as pointed out by 
Huntington, re-forming OujOl^, and liberating free sulphur. 

Washing the Torta. — In small works the separation of the 
amalgam from the slimes by washing is commonly performed in 
a masonry tank lined with cement, called a " lavadero," the con- 
struction of which is shown in Figs. 7, 8, and 9. 



Fig. 7. 




SECTION ON CO, 



Fig. 8. 




Fig. 9. 



i 
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Figs. 7, 8, and 9. — Lavadero. 

The tank is usually 6 feet long, 18 to 24 inches wide, and 3 
feet deep. One end is closed by a plank of hardwood in which 
are inserted wooden plugs at different levels, which allow the 
tank to be emptied down a sloping channel leading to the settling 
tanks. The tank being half filled with water two men get in, 
and as the torta mud is shovelled from the platform, P, at the 
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side they keep the mass constantly in motion by treading and 
jumping up and down. More mud and water are added till the 
tank is full, when the excess of slime is allowed to discharge at 
the top plug continuously, one of the lower plugs being opened 
at intervals to let out some of the heavy metallic concentrates if 
they are at all large in quantity. 

In larger works, the tub-settler, worked by mules, water, or 
steam power, is always employed. Fig. 10* shows one of a pair 
of small settlers formerly used at Fresnillo, the capacity of which 
was 5000 lbs. per hour. The method of working is clearly 




Fig. 10.— Settler. 



indicated in the figure. The central wheel, b, with wooden teeth, 
was turned by four mules walking round a 23-feet circle; it drove 
two pinions, c, each of which formed the axle to which were 
attached four cross-arms with stirrers. The bottom of the 
masonry tank {tina), d, was formed of a single block of stone, e, 
hollowed out to prevent leakage of liquid amalgam. The stirrers 
made 1 6 revolutions per hour, and even at this low speed a great 
deal of amalgam was carried off with the slimes, to be afterwards 
recovered by washing on planillas. 

At Zacatecas much larger settlers, or washing vats, are em- 
ployed, though of the same construction, the bottom being 
formed of a single stone, or of a cast-iron pan bedded in concrete. 
Only one settler is worked by each team of mules, and some of 

* Copied from Percy, op. cit., p. 622. 
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the largest measure 9 feet in diameter and 7 feet in depth, sunk 
in the ground, with an outlet 18 inches above the bottom, the 
washing capacity being 2 J tons per hour. The stuff being 
usually somewhat coarse at Zacatecas, and the proportion of 
sulphides in the ore very great, much amalgam is carried away 
with the concentrates and has to be separated by hand washing. 

At Guanajuato a series of tubs is sometimes used, and the 
speed of rotation is very much less than in the Zacatecas district, 
as the finer mud comparatively free from sulphides is much more 
easily kept in motion. The capacity of each vat is much less, 
but the loss of amalgam is very small. 

The heavy slimes and sand from the lavadero are run through 
riffled launders and caught in a series of catchpits, to be concen- 
trated on planillas ; the amalgam is cleaned by washing in 
shallow wooden bowls called bateas, the sulphides washed off 
(relaves) being re-washed together with the "heads" from the 
concentration of the slimes, after which it is strained by its own 
weight through large canvas bags (mangas) hanging from iron 
rings, and holding some 2000 to 3000 lbs., and afterwards 
retorted (see Ohap. VIII.). 

The planilla is a kind of hand huddle u^-ed throughout Mexico 
for the concentration of all kinds of slimes or residues containing 
the precious metals. It is shown in Figs. 11 and 12, and is 



Fig. 11. 




Fig. 12. g^^ 



Figs. 11 and 12. — Planilla (Section and Plan). 

usually paved with flat stones set in cement, but sometimes of 
brick set edgewise in cement or in asphalt, as shown. 

The operator begins by spreading a layer of tailings about 3 
inches thick evenly over the surface of the steeply-sloping back 
part of the planilla. Then squatting on a board laid across the 
water tank he sweeps up the water with a gourd bowl or small 
horn, about half a pint at a time, letting it fall in a thin sheet 
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on the lower part of the bed of tailings, travelling across the 
planilla, and then in lines successively up to the top. After 
going over the whole surface of the sloping part of the planilla 
in this way three or four times, nothing will be left on it but a 
few pounds of amalgam, floured mercury, and rich concentrates 
at its lower edge, which are scooped up for hand washing in 
bateas. At the front edge of the planilla floor will be found a 
layer of very poor sand, which for a foot or two hack is scraped 
up and thrown away. The rest of the deposit on the planilla 
floor is shovelled up and spread over the slope at the back as 
before, and the washing repeated, when the residue at the bottom 
edge of the slope will be nearly clean metallic sulphides called 
polvillos or marmajas,* which by further repetitions of the 
washing process can be almost freed from the tailings (jales). 

The process seems to be a very costly and primitive one, but as 
both the appliance and the labour required to work it are cheap 
the small output from each planilla is comparatively unimportant; 
while it possesses the unique advantage (highly important in a 
hot dry country) of requiring but a very small quantity of water, 
which is used over and over again with no loss except by 
evaporation. 

The further treatment of the concentrates varies almost 
entirely according to their richness in silver, being, however, 
somewhat affected by the nature of the preponderating sulphide, 
whether pyrites alone or mixed with chalcopyrite and galena. 
Formerly large quantities were used in the manufacture of 
magistral, the rest being roasted and treated over again by patio 
amalgamation. Now, however, only the very poorest concen- 
trates and middlings obtained in concentration are treated by 
amalgamation, the great bulk of the concentrates obtained being 
sacked and shipped to smelters. 

In some places, at a distance from railway communication, the 
final cleaning of the polvillos for shipment is performed by 
" kieving " — i.e., by stirring up the sulphides with water and then 
allowing them to settle, knocking on the side of the tub all the 
time with a mallet. On dipping and straining off the water with 
rags there is found on the top a layer of sand, then a layer of 
poor "middlings," which is roasted and added to the tortas, and, 
lower still, the rich black sulphides, with sometimes a little 
amalgam right at the bottom. Instead of a tub, a boliolie is often 
used, hollowed out of a section of a tree, the cavity in the centre 
being from 24 to 30 inches in diameter and 18 to 24 inches deep. 

The concentrates sometimes contain, besides more or less 
argentiferous base-metal sulphide, distinct scales of argentite or 
silver chloride, which, being sectile and semi-malleable, have 
escaped the grinding process and have not been sufficiently 

* The latter name being only employed when they consist almost exclu- 
sively of pyrites. 
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comminuted to yield to amalgamation. Ores containing fair-sized 
grains, scales, and nodules of argentite are not well suited to 
patio amalgamation, and, as already stated, the haloid compounds 
of silver must be in the condition of very tine disseminated 
powder in order to be attacked at all. 

Iioss of Silver. — The percentage loss of silver in the Patio 
process varies, not only with the nature of the ore, but also with 
its richness. Generally speaking, with ore of a given class the 
loss in tailings may be considered to be nearly constant, so that 
the apparent percentage of extraction rises with increased rich- 
ness and vice versd. 

This is exemplified by the following figures from the Hacienda 
de la Sauceda (Zacatecas) quoted by Stetefeldt.* In treating ores 
of the same class from the San Acacio Mine it was found that 
ores containing 17 ozs. are worked with a loss of 4'4 ozs., corre- 
sponding to an extraction of 75 per cent. ; those of 32 ozs. 
contents were worked with a loss of 32 ozs., showing an apparent 
extraction of 90 per cent. ; and others of 100 ozs. were worked 
with a loss of only 7 ozs., showing an apparent extraction of 93 
per cent. 

At Zacatecas, according to Newall,t the old tailings thrown 
away, even when treating complex ores of 60 ozs. and upwards, 
rarely contained more than 12 to 14 ozs., but now they seldom run 
more than 6 to 8 ozs., averaging under 5 ozs. The average ores 
treated at Zacatecas (which are refractory) show a recovery on 
patio treatment alone of 75 to 85 per cent., without taking into 
account the silver recovered in concentrates, which is often 
equivalent to another 1 per cent. 

Treatment of Befractory Ores in the Patio after 
Boasting. — At Charcas (San Luis Potosi), where the chief silver- 
bearing minerals are fahlerz and blende, according to Percy, | the 
ore is stamped and ground in arrastras wet. then left to dry, 
mixed with 4 per cent, of salt, and gently roasted for twelve 
hours in charges of 1800 lbs. Then (sometimes) ground in 
arrastras to disintegrate lumps, and made into tortas with 2| per 
cent, more salt and 3 J per cent, magistral. The tortas take ten 
or twelve days to work ; the loss of mercury is more than 16 ozs. 
per mark, and the loss of silver 35 to 40 per cent. 

At Real del Monte, Sombrerete, and other places, roasting, 
followed by patio treatment, was formerly in vogue for refractory 
ores containing large proportions of blende, galena, and other 
sulphides, but now the richest of such ores are commonly picked 
out and shipped for smelting, and the poorer ores treated raw. 

At I'asco (Guerrero) § an ore containing 15 per cent, of galena, 
12 per cent, of blende, and 10 per cent, of pyrites in a gangue of 

* TraTif!. A.I.M.E., vol. xiii., p. 370. 

t Quoted by Percy, op. cit. , pp. 647 and 648. 

J Op. cit., p. 631. § Chism, E.M.J., July 20, 1889. 
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calcite and quartz is treated by roasting. It is stamped dry 
through a 40 mesh, as has already been described, and is then 
taken in handbarrows to a single-hearth reverberatory furnace 
■with a hearth 12 feet wide, provided with a charging hopper 
above and a single rabbling and discharging door at one side. 
The charges are of half a ton each, and are only roasted for half 
an hour without any addition of salt. After discharging, the ore 
is allowed to lie in heaps for a few days in order to start decom- 
position of the unaltered sulphides with the help of the sulphates 
formed, and is then ground for a short time in arrastras in order 
to disintegrate agglomerated lumps. The tortas are then made 
up as usual, except that the salt used is from 5 to 10 per cent, 
and the sulphate of copper from 10 to 40 lbs. per ton, according 
to the nature of the ore. Only one or two treadings are given, 
and the amalgamation is finished in from three to eight days, 
averaging only five days. The loss of silver averages 1 2 per cent., 
and the loss of mercury only 10 to 12 ozs. per mark. The cost 
of treatment is given in Table I L I. 

Marmajas, or pyritous concentrates, poor in silver (30 ozs.), 
can be roasted and treated in the patio much like ordinai'y ores, 
except that they require an extra proportion of magistral. 
When, however, they contain much copper pyrites the addition 
of magistral can be altogether dispensed with ; and in such cases 
it is preferable to work the roasted concentrates together with 
ordinary ores and not separately, as loss of mercury is thereby 
avoided and some magistral saved. 

Use of Hyposulphite. — A recent improvement in the ordi- 
nary Roast-Patio process for arsenical and antimonial sulphide 
ores is described by Lukis.* Like most other metallurgists 
who have studied the question this writer recognises that a 
perfect roast is not required, but only such a heating as will 
cause the sulphides to decrepitate and open up the cleavage 
planes to the action of the solutions. The great difficulty in 
treating roasted ore is found in the fact that the torta readily 
lieats, and so causes an enormous loss of mercury by flouring. 
The improvement consists in adding sodium hyposulphite in the 
proportion of 1 to IJ lbs. per ton of ore after the treading in of 
salt and copper sulphate, but before the addition of mercury. 
It is claimed that the addition of hyposulphite enables a larger 
proportion of copper sulphate to be used without flouring the 
mercury, and so accelerates the process that on the fifth day 
the torta can be washed. The exact mode of action cannot be 
easily explained, though one may suppose that there is a forma- 
tion of cuprous hyposulphite, as in the Russell process. 

There is no doubt that the efficiency of the Patio process and 
the time taken very largely depend upon the proper propor- 
tioning of the amounts of salt and copper sulphate, and that, of 
* E. and M. J., May 7, 1892. 
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late years, the reactions have been greatly accelerated by using 
a larger quantity than was formerly thought advisable with the 
help of careful experiments on small trial tortas. It seems pro- 
bable, too, that a great reduction in the loss of mercury might 
be eflfected by first thoroughly mixing salt and the required 
quantity (or a slight excess) of copper sulphate with the ore 
(say in the arrastra itself), then treading in precipitated copper 
or lead amalgam and leaving for a day or two, and finally adding 
the mercury after nearly all of the silver had been reduced to 
a metallic condition. Further experiments by trained metal- 
lurgists on a practical working scale seem to be urgently 
required. 

Patio Amalgamation in S. America. — In Peru the Patio 
process is largely in use for treating the poorer ores. As regards 
the oxidised ores the process difiers in no marked respect from 
that described as being in use in Mexico. The heaps usually 
contain only 50 to 100 tons, the quantity of mercury used is 
6 to 1 of silver and the average loss is 12 to 16 ozs. per mark 
(1^ to 2 : 1). 

The sulphide ores usually contain much fahlerz and blende 
and are refractory. They are roasted in small single-hearth 
reverberatories, which treat 8 cwts. each per day with a con- 
sumption of 20 cwts. of taquia or dung of various ruminating 
animals, chiefly llamas. Salt is used in the proportion of 5 per 
cent., but no magistral is required, as the roasting produces 
suiEcient copper sulphate to carry on the reactions. 

At Cerro de Pasco (Bolivia)* the heaps called "tortillas" are 
made up of raw ore inside permanent circular low walls, called 
" circos " ; they rarely contain over 15 short tons. The charge for 
each heap is 40 arrobas of salt ( = 6-7 per cent.), together with 
15 to .30 lbs. magistral and 80 lbs. of mercury, which is trodden 
in as usual, the treadings being repeated once a week for two 
months, more mercury being added, as required, up to a total 
of 230 lbs. The very slow progress of the operation is no doubt 
partly due to the great elevation (14,000 feet), which causes 
a cold climate and so retards the reactions ; and also partly to 
the proportion of magistral employed, which is very much smaller 
than in Mexico. The washing of the tortilla and squeezing of 
the amalgam are conducted as in Mexico. 

At Potosi (Bolivia) both the poorer " oasoajos " and the sulphide 
ores are treated by the Patio process, the latter ores being pre- 
viously roasted in the way above described, except that salt is 
added during the roasting. Two peculiarities of patio amalgama- 
tion at Potosi are the small size of the tortas, which are trodden by 
men and do not generally contain above 2J tons of ore ; and the 
use of tin amalgam, instead of copper or lead, for economising 
mercury. One part of tin is considered as equivalent to two 
*Pfordte, Trwns. A.I.M.E., vol. xxiv., p. 117. 
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TABLE III.— Cost op 





San Dimas, Durango, 

1881. 


Hda, de la 

Granja, Zacatecas, 

1889. 


Reference, . 


1. 


2. 


Value of ore treated, per ton, . 

Assay of tailings, 

Percentage of extraction, .... 
Motive power for crushing. 


60 ozs. 

70 to 80 
Water 


23-4 ozs. 

6J ozs. 

80-5 

Mules 


Cost for labour and general charge 
ton — 
Crushing (Chili mills or stamps), 
Grinding (mills or arrastras), 
Hire and keep of mules, 
Labour, spading, driving, Slc, 

,, washing torta. 
Concentrating sulphides. 
General expenses and repairs. 


3, pel 




« Mex. 

1.53 
1.40 
3.72 
1.79 
0.56 
2.06 
2.94 
14.00 


S Mex. 
2.71 


Cost for materials, per ton — 
Salt, quantity and price, 
, , cost, per ton of ore, 
Bluestone, quantity and price, 

,, cost, per ton, 
Precipitate, quantity and price, 

, , cost, per ton. 
Charcoal for retorting, &c., . 






140 lbs. @ 2 c. 

2.80 

64 lbs. @ 25 0. 

1.65 

li lbs. (ffi 66 c. 

0.87 

0.33 

5.65 


4.29 


Total cost, exclusive of quicksilver, 




19.65 


7.00 


Quicksilver consumed, per oz. silver, 
,, ,, per ton ore, . 
Cost of quicksilver at 75 c, lb.. 


1 -7 ozs. 
7 lbs. 

5.25 


1-26 ozs. 
1-83 lbs. 

1.37 


Total cost of process, per ton, . 


24.90 


8.37 



JReferences.—l. Chism, Trans. A.I. M.E., vol. xi., p. 76. 2. Private Notes, \?&Q. 
3. Stetefeldt, Traits. A.I.M.E., vol. xii., p. 370. 4. Douglas, Joum. Soc. Arts., 
August 9, 1895. 5. Chism, E. aiid M. J., 1889, July 20. 6. Rule. E and M J., 
vol. xxxiii., 1889, p. 107. 



THE PATIO PROCESS. 



61 



Treatment by the Patio Process. 



Hda. de la Sauceda, 
Zacatecas, 1883. 


Cerro del 
Proano, 
Fresnillo, 


Hda. de Pedro Elores, 
Tasco, Guerrero, 
1889. 


Average. 
Pachuca, 1881. 


Average. 

English money 

at 2/6 per $. 


3. 


4. 


5. 


6. 




17-11 ozs. 

4-37 ozs. 

74-5 

Mules 


19-2 ozs. 

80 -5 
Mules 


106 ozs. 

8 to 12 ozs. 

88 to 92 

Water 


About 100 ozs. 
Mules 




$Mex. 

1.03 
2.06 

U.14 

5.23 


$ilex. 


SMex. 
1.06 

iaoo 

0.20 

-^ 3.26 


SMei. 

0.57 
3.11 
0.50 
0.56 
0.17 

|l.37 

6.28 


}5/ll 

>9/9i 

15/8i 


100 lbs. @ 1" 0. 
1.13 

0.80 

-— 1.93 


120 lbs. 

7 ibs. 


160 lbs. @ 2 c. 

3.20 

15 lbs. @ 16 0. 

2.40 

— ^ 5.60 


i'.55 
0.96 

o.'oV 

2.58 


5/6 

m 

9/lOJ 


7.16 


9.96 


8.86 


8.86 


25/7i 


1 -45 ozs. 
1-71 lbs. 

1.28 


1-65 ozs. 
1-59 lbs. 

1.20 


1-25 ozs. 
9-2 lbs. 

6.84 


Estimated 

7.00 


f/6i 


8.44 


11.16 


15.70 


15.86 


35/11 



The ounces in this table are Mexican ounces of 29-765 grammes = 459-382 grains 
= 1 -0147 ounces avoirdupois, the ton being the Zacatecas monton of 2029 poimds 
English, nearly corresponding with the American short ton. 
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j)arts of lead. The stock of tin amalgam is added to the mercury 
in small quantities, stirring all the while. Amalgamation in 
the small heaps takes eight to twelve days, and the loss of 
mercury is reduced by the use of tin amalgam from 1 lb. per 
mark of silver to J lb. per mark (=1:1). 

In Chili poor ores and tailings from the Fondo and Tina 
processes were formerly submitted to patio amalgamation, but 
the Patio has now almost gone out of use since the extension of 
the Krohnke process. Some of the Chilian ores contain arqv^rite, 
and in such (rare) cases the loss of mercury is largely reduced 
•owing to the quantity recovered from the ore itself. Percy 
mentions one case where at one reduction works there was 
a positive gain of mercury in treating an easily-worked ore, 
which was found to contain silver inr-the form of arquerite. 

Cost of Treatment. — The cost of treatment by the Patio 
process varies a great deal, the chief factors which influence it 
being the richness of the ore and the price of grain. The former 
-affects the loss in quicksilver per ton treated ; the latter affects 
principally and directly the cost of keeping or hiring mules for 
grinding and treading, while indirectly it affects the cost of 
materials and supplies also. 

Some typical examples of patio treatment in some of the prin- 
■cipal localities are quoted in Table III. 



CHAPTER IV. 

THE CAZO, FONDON, KROHNKE, & TINA PROCESSES. 

As the Patio process originated in Mexico, so the various 
■" copper-pan " processes originated in Peru and Bolivia. The 
simplest of them is the original "cazo" or "fondo" process 
invented by the priest Alvaro Alonzo Barba in 1609 and still 
in use in Bolivia, Peru, and Mexico. The "Fondon" is merely 
a larger Fondo, while the Tina and Krohnke processes are only 
•developments of the simple original. 

The Fondo or Cazo Process. — The ores most suitable to 
this process are the oxidised ores, called in Mexico " colorados " 
and in Peru and Bolivia "pacos" or "cascajos," which contain 
chloride and other haloid compounds of silver together with 
more or less native silver. Argentite is commonly supposed to 
be irreducible and is so described by Duport and Laur, whom 
Percy quotes,* but the original discoverer distinctly mentions 
■that it is to some extent affected, even in the ordinary method 
* Op. cit., p. 664. 
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and with the addition of copper sulphate it can be worked, 
though imperfectly, as the author has often had occasion to see 
in Mexico. 

Plant. — The " cazo " or " fondo " consists of two parts — first, 
the fondo proper, which is a piece of copper beaten out from 
a flat ingot into the shape of a huge frying-pan from 2 to 3 feet 
in diameter, from :J to f inch thick, and from 4 to 6 inches deep ; 
and, secondly, the basin, which is often formed (like Barba's 
original) of sheet copper, ^ inch thick, rivetted to the bottom 
and forming a deep basin, like the domestic boiling "copper," 
only wider at the top and not so deep. Sometimes the sides 
are formed of wooden staves resting on the edge of the fondo, 
hooped with iron and backed with stones and clay puddle ; more 
rarely cut stone is alone employed. Sometimes stirring is done 
by means of a wooden paddle worked by hand, but often a rude 
mechanical stirrer worked by a handle attached to its vertical 
axis is employed. The copper fondo * of the basin forms the 
roof of a small fireplace in which brushwood (stumps of palm 
trees, &c.), or, more rarely, dung is burnt ; occasionally no 
chimney is provided, the fireplace being simply a hole dug in 
the bank at the side of a small rivulet. More commonly the 
fireplace is connected with a short chimney built of " adobe " 
(sun-dried brick), and grate bars are provided of the same 
material ; in this case the fireplace is usually lengthened so as 
to admit two fondos, one beyond the other, and to more perfectly 
utilise the heat of the fuel. An aperture closed by a wooden 
plug is sometimes provided immediately above the edge of the 
bottom, through which the slime may be drawn oflT after amal- 
gamation is finished. 

The ores submitted to the Fondo process should contain 
over 40 ozs. of silver per ton as chlorides and native metal ; 
indeed, it is but rarely that ores with less than 60 ozs. are 
treated. The Oazo is essentially a prospector's and working 
miner's appliance for rapidly extracting the larger part of their 
silver contents from rich ores in remote and semi-desert districts. 
When large quantities of ore are available it gives place to one 
of the more elaborate appliances which allow of the operations 
being carried out on a larger scale and with greater economy. 
Sometimes poor ferruginous or earthy gozzany materials, carry- 
ing small amounts of granular or scaly haloid compounds of 
silver, occur in large quantity. In such cases they are fre- 
quently concentrated on a planUla so as to yield a product 
suitable for the process. When treated direct, the ore is ground 
in an arrastra (usually dry) until no grittiness is observable 
(just as for the Patio process) or even finer. When the ore 
has to be concentrated it is left somewhat coarser, in order to 
diminish the loss in tailings ; these tailings are usually treated 
* "Fondo" in Spanish means "bottom." 
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by the Patio process so as to recover as much as possible from 
them. 

Mode of Working. — The process of amalgamation is conducted 
as follows : — The cazo is about half filled with hot water and the 
charge of 150 to 200 lbs. of ore according to the size of the cazo, is 
gradually added, stirring all the while. As soon as the resulting 
muddy liquid is boiling vigorously (and not before), salt is added 
in the proportion of from 5 to 20 per cent, of the weight of the 
ore and thoroughly stirred in, so as to dissolve it quickly and 
prevent the formation of a cake upon the bottom. Immediately 
the salt is dissolved mercury is added in the proportion of not 
more than half the weight of silver contained in the ore, as 
determined by inspection and by hornspoon test, or by previous 
experience on similar ores. This is taken up almost immediately 
if the ore contained much native silver aud in less than half an 
hour (with constant stirring) when the silver existed as chloride, 
a part of which will have been reduced by contact with the 
copper, even before the addition of salt. After from iifteen to 
thirty minutes the first " assay " is scraped off the bottom by 
means of a horn fixed to a long handle ; it is washed in a horn- 
spoon or bowl and should show no mercury, but only a fine 
granular sand called " polveo." A second addition of mercury 
is now made and the boiling and stirring continued for an hour, 
when the second assay is taken ; and so on, until the total 
additions of mercury amount to not more than twice the weight 
of silver present. Additions of hot water are made from time 
to time to replace that lost by evaporation. The stirring must 
be continuous, otherwise the amalgam is liable to stick to the 
bottom of the cazo and perhaps to form a cake of ore, in which 
latter case the "fondo" inevitably gets burnt. If the mercury 
were added all at once, or if excess were added, amalgamation of 
the copper would take place and a hole in the bottom soon 
result; but by keeping the additions always within the limits 
of 2 to 1 by weight and the stirrer in constant motion, the 
amalgam gradually formed becomes perfectly dry and the copper 
is unattacked. 

Amalgamation with rich ores takes about four hours, or three 
hours with ores of medium richness containing only traces of 
argentite (which is acted upon slowly). The last test " prueba 
en crudo " consists of scraping up a test as before and washing 
off all the mineral and gangue into a pan from which the lighter 
slime and sand is poured away. The heavier particles of deposit 
are then examined with a lens, and if any scales of hornsilver 
remain the boiling is continued without further addition of 
mercury. If no scales are seen a little mercury is poured into 
the hornspoon containing amalgam, into which it is worked 
with the fingers. If the mercury appears to "dry up" and 
cannot be pressed out again from the stiff amalgam, more 
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mercury is added to the charge in the fondo and the stirring 
continued for half an hour, as this excess of silver in the 
amalgam may indicate that the whole of it has not been 
extracted from the ore. If, on the other hand, the mercury 
can be squeezed out again from the amalgam and remains liquid 
the operation is at an end, the liquor and slimes are dipped out 
or drawn off by the plug into a settling tank, the heavy con- 
centrates and amalgam dipped out, mixed with enough fresh 
mercury to make the latter quite pasty (say 75 per cent, of what 
has been already used) and washed in " bateas." The tailings 
from the settling tank are generally rich enough to be formed 
into small tortus and treated by the Patio process, about 2 per 
cent, of salt being sometimes added but no magistral, as they 
already contain sufficient cuprous chloride for the reactions. 
The liquors contain a considerable quantity of salt with some 
cuprous chloride, and are used over again in the fondo with 
a fresh lot of ore until they get too full of base-metal salts. 

The reactions in the fondo are simple ; native silver is taken 
up directly by mercury, silver chloride is dissolved in the salt 
solution and reduced to metal, partly by the copper (even before 
addition of mercury), partly by the mercury itself. The calomel 
formed in the liquid by the latter reaction is again reduced on 
contact with copper. The silver as it reaches the metallic con- 
dition combines with the excess of mercury to form amalgam. 
The nett result of the separate action of copper and of mercury 
upon silver chloride may be expressed in the following equa- 
tion : — 

2AgCl -f 2Cu + 2Hg = CU2CI2 + HgaAga (amalgam). 

Experiment shows that small quantities of argentite in fine 
powder are to some extent acted upon by the CujClg formed, but 
the time is too short for the action to be anything like complete, 
and hence the tailings must be treated by the Patio process. 

At Garrizo (Chihuahua) the author has seen ores containing 
considerable quantities of argentite in addition to haloid com- 
pounds of silver successfully reduced in six hours by a 
modification of the process. The ores consisted chiefly of heavy 
spar and gypsum, through which silver chloride was disseminated 
in very fine yellow powder, with galena in thin streaks and 
argentite in minute grains, shots, and streaks. The ore some- 
times contained as much as 1000 ozs. to the ton, when carrying 
argentite, and fairly large lots of it averaged from 100 to 300 ozs. 
— chiefly as chloride. The treatment was identical with that 
above described, except that the salt (10 per cent, by weight) 
was first dissolved in the water and brought to a boil, the ore 
then added, and the mixture boiled together for half an hour ; 
after which copper sulphate was added in the proportion of about 
J to 1 per cent, of the ore, and the whole boiled again for an 

5 
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hour before adding the mercury. The process then went on as 
above described and it was found that most of the argentite was 
amalgamated in from four to six hours, though the galena, of 
course, remained untouched. The undecomposed argentite was 
recovered by subsequent patio treatment, adding no copper 
sulphate and only a small proportion of salt. The reactions in 
this modified process are probably* (in addition to those already 
given) the following : — 

AgaS + CujCla = 2AgCl + Cu^S, 

the silver chloride being then reduced by copper and mercury as 
before. 

The special advantage of this process when used on chloride 
ores (not to speak of the shorter time compared with the Patio 
process) is the very small consumption of mercury, the loss of 
which is exclusively mechanical and does not exceed ^ to 3 per 
cent, of the total quantity used, or, say, 1 to 6 ozs. for each 100 
ozs. of silver. Egleston sayst that the loss is "from twice to 
two and a-half times the total quantity of silver contained," but 
this may be a mistake in copying — at all events, it is totally 
inaccurate, as a moment's consideration of the reactions will 
show. 

The fuel required is not very costly, for any kind of refuse 
bark, twigs, or worthless brushwood can be employed, or even 
dried cow- or llama-dung, when nothing else is to be had. The 
percentage of extraction, when no sulphurets are present, is very 
high indeed, averaging over 95 per cent., being, of course, much 
lower on complex ores. 

Cost of Treatment. — The cost of the process varies in different 
localities, according to the cost of salt, copper, and to some 
extent with the richness of the ores ; but with average oxidised 
ores of, say, 60 to 80 ozs. in an average dry Mexican mountain 
district where salt is obtainable at $40 per ton of 2000 lbs. the 
cost should not exceed $15 Mexican currency, or, say, at an 
exchange rate of 30d., 37s. 6d. per ton, made up as follows : — 
Grinding, $1.50 (3s. 9d.); labour, stirrers and amalgamators, 
$3.50 (8s. 9d.) ; fuel, $4 (10s.) ; salt, 200 lbs. at 2 c, $4 (10s.) ; 
loss of mercury, retorting, and sundries, $1 (2s. 6d.); wear and 
tear of fondo, 2 lbs. wrought copper at 50 c, $1 (2s. 6d.) — total, 
$15 (37s. 6d.). In some places the cost would be less, especially 
if water power were available for grinding and stirring. When 
copper sulphate has to be used the cost is increased, not only by 
the actual cost of this substance, but also by the increased loss 
of copper dissolved from the fondo to make CugClj. 

The process is still largely used all over Peru and Bolivia for 

* It is quite possible that metallic silver is formed direct, acoording to 
the reaction — AgjS + CU2CI2 = Agj + CuS + CuCl^. 
+ Metallurgy ^Silver, Oold, and Mercury in the U.S., vol. i., p. 312. 
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the gozzany oxidised ores, which still remain in larger quantity 
in those countries than elsewhere. 

At Potosi (Bolivia), according to Wendt,* ores averaging 80 
ozs. per ton, and containing fahlerz and pyrites, are first roasted 
in reverberatory furnaces with the addition of a small quantity 
of salt, and then treated in fondoa of cast bronze 3 feet in dia- 
meter and 1 inch in thickness, the charge being 120 lbs., and 
from eight to ten charges being worked per day. The brine is 
used over and over again, with addition of fresh salt amounting 
to 5 per cent, of the weight of the ore. The quicksilver is added 
in small quantities, and the progress of amalgamation tested 
from time to time by washing on a small earthen plate, here 
called a " chua." More quicksilver is added at the end of the 
operation, and the amalgam is washed by hand in a small tub ; 
after retorting, it gives silver of over 900 fine. The tailings 
assay 15 ozs. per ton, and, therefore, the percentage of extraction 
is about 80 per cent. ; the loss of quicksilver is from J to | oz. 
per oz. of silver recovered. 

The cost of the process is said to be between £7 and £8 per ton. 
It is noteworthy that the loss of silver by volatilisation in this 
chloridising roasting is 5 per cent., even in hand furnaces, and 
was much greater in revolving furnaces. 

The tailings contain a large quantity of cassiterite, and when 
panned out give a relave or concentrate of 89 per cent. SnO^, 
which is exported. Analyses of these ores, both raw and 
roasted, are given in Table II., p. 31. 

The Fondon Process. — The/ondon being only a \a.Tger fondo 
or cazo the above description applies generally to the operations 
carried on in it, except as regards the quantities which are 
larger, and the time which is a little longer. The cost is 
naturally decreased in proportion to the increased capacity. 

The/ondon (formerly used so largely in the districts of Catorce 
and Matehuala (San Luis Potosi) and still in use to some extent 
on hand-concentrated surface ores containing "chlorides") is 
shown in Fig. 13.t In this figure, a is the fondon or copper 
bottom, cast in one piece from unrefined blister copper ; it is 
usually made about 6 feet wide, 8 inches deep, and about the 
same in thickness, with a boss in the centre for the stirrer axle 
to run on ; h, h are the muUers (voladores) of cast copper, 
weighing iOO to 450 lbs. each, generally only two in number, 
attached to the lower crossbar, c, by rawhide thongs and driven 
by one mule attached to the upper crossbar, d ; e is a bronze 
pivot on which the axle revolves, g the firegrate, and f a flue 
leading to a short chimney. The sides of the vat are staves 
resting on the rim of the copper bottom, bound with hoops and 

* Trans. A.I.M.E., vol. xix., p. 94. 

t Slightly modified from Laur and Percy (op. cit. , p. 662). 
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backed with a masonry wall with puddled clay between. The 
cost of such an apparatus, according to Laur, was formerly about 
11600 (say, £200), of which the copper alone amounted to £150, 
but such a thick bottom should last ten years in constant use. 
There is always a plug in the side just above the bottom for 
discharging the vat. 
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Fig. 13.— Fondon. 

Mode of Working.— The working of the process is precisely the 
same as that carried on in the smaller fondo, except that the 
pulp is stirred by mule power, and that the ore, if of a soft kind, 
need not be quite so finely pulverised before it is put into the 
fondon, as the copper mullers grind as well as mix. Hard|ores 
must, however, be always finely pulverised first, or the wear of 
copper would be too great. The fondon is first half filled with 
water and the mule started at a slow walk, the charge of 1200 
lbs. of ore is then added, ^nd the stirrer kept going at ten turns 
per minute for an hour, or\until the muddy liquor is boiling hard. 
The salt, 5 to 10 per cent.,Nis then added, and the first addition 
of mercury to the amount ofAone half the expected extraction of 
silver, just as in the cazo. N^ubsequent additions of 'mercury 
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and the method of working tests are exactly as already described. 
Provided the mule is not allowed to stop and the quantity of 
mercury added in all does not exceed 2 to 1 of silver, there is no 
danger of adhesion, and at the end of the operation, which lasts 
from five to six hours, a small quantity of extra mercury may 
be added to thin the amalgam and facilitate its collection. 
Should adhesion occur through adding too much mercury at once 
or allowing the stirrer to stop, the fondon must be immediately 
emptied and the amalgam carefully scraped from the bottom and 
from the muUers. 

The loss of mercury is somewhat less than in the fondo, not 
averaging more than IJ per cent, of the total used, or, say, 
10 ozs. per ton of ore.* The tailings at Catorce and Matehuala 
contain from 2 to 3 ozs. (when purely haloid ores are under 
treatment) up to 20 or 30 ozs. (when the ores contain much 
argentite or other sulphur compound). When containing 
upwards of 8 ozs. they are treated by the Patio process without 
tiie addition of magistral, as they already contain CujClj. The 
operation is very slow, often lasting from two to three months; 
but 75 to 80 per cent, of the remaining silver is recovered, with 
a consumption of 1^ to IJ ozs. of mercury per oz. of silver. In 
modern practice the residues from the fondon, instead of being 
treated by the Patio process, are concentrated on the planilla 
and shipped to the smelters at Monterey and San Luis Potosi. 
In this way the argentite, galena, and other heavy sulphides, as 
also the lead carbonate (which is common in all these gozzany 
oxidised ores) are saved. 

Cost. — The cost of treatment in the fondon (as given by Laur) 
per ton of 2000 lbs. is as follows :— Labour, $1.25 ; mule, $0.32; 
wood, 12.60; salt, $2.50; loss of mercury, $0.70; retorting and 
sundries, $0.43 — this gives $7.80, to which should be added, 
say, .f 1 for grinding and $0.50 for wear and tear of copper, the 
total being $9.30, or, say, 24s. 6d. per ton of 2000 lbs. at the 
present rate of exchange. Copper sulphate is now commonly 
used in the fondones at Matehuala and other places with the 
object of extracting a larger proportion of the silver from the 
less easily worked ores, but the author is not in a position to 
give details of the results obtained. 

The Krbhnke Process. — As the Fondo process is chiefly used 
in Mexico, so this is a Chilian process invented and used in 
Copiap6 and Antofogasta since 1862 for the treatment of the ores 
from the deeper workings, which, besides some native silver and 
chloride, carry much argentite, proustite, pyrargyrite, and poly- 
basite. The composition of Copiap6 ores is given in Chapter II.; 
but the process seems applicable to all which contain distinct 
silver minerals, except to those carrying over 1 per cent, of 
metallic arsenic. Argentiferous galena, blende, and pyrites are 
* Percy, op. cit. , p. 664. 
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but littla affected, but it is claimed that 98 per cent, of the silver 
existing as pyrargyrite and proustite can be extracted, though 
the loss of quicksilver then rises to 12 to 35 per cent, of 
the silver recovered.* 

In this process, as in those just described, a hot solution of 
cuprous chloride is the active reagent ; but the operation is con- 
ducted in wooden barrels, instead of in copper-bottomed pans ; 
and the cuprous chloride, instead of being formed in situ, is pre- 
pared separately, with some saving of time and of cost, as old 
copper can be used. Instead of copper, lead or zinc (generally 
the former) is used as a means of decomposing the calomel which 
would otherwise be formed in the process. 

Plant Employed. — The ore is first crushed in Chilian mills of 
cast iron with steel wearing faces, the construction of which is 
similar to that shown in Fig. 4. The rollers weigh 4 tons each, 
and make ten or twelve revolutions per minute. The grinding 
is done wet; as soon as the ore is ground suflBciently fine it is 




Fig. 14. — Rotating Barrel. 

carried off by a current of water and led into one of a pair of 
settling tanks, 16 ft. x 6 ft. x 3 ft deep, one of which is being 
filled, while the other settles during eight or ten hours. The clear 
water having been drawn off by a series of plug-holes, the slimes 
are shovelled out to dry on a platform. As soon as the ore has 
become thoroughly drained and half dry it is charged into the 
rotating barrels, the construction of which is similar to that 
shown in Fig. 1+. The capacity of these is from 1 to 4 tons, the 
larger size being 6 feet long and 5 feet in diameter, while' the 
staves are 3 inches thick. 

* Schnabel, Handhuch der MetallhiUtenkunde, vol. i., p. 638. 
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The solution of salt and copper sulphate is made up previously 
by the aid of steam, and stored in quantity ; the cuprous chloride 
is only produced as required, in order both to avoid oxidation 
and to have it hot when added to the ore. Copper sulphate is 
first dissolved in hot water till the solution registers 20° B. and 
the concentrated solutioh filtered through salt into another vat 
till it will dissolve no more, the resulting saturated solution of 
brine, which is also nearly saturated with cupric chloride and 
sodium sulphate resulting from the double decomposition of the 
salt and copper sulphate, being stored in a third vat. As required 
for use this stock solution is drawn off into wooden vats contain- 
ing metallic copper (old copper sheathing), where it is boiled by 
a current of high-pressure steam. The copper is attacked by the 
cupric chloride and cuprous chloride formed, which, however, 
does not precipitate, being held in solution by the brine. The 
solution is tested from time to time by dropping a pipetteful 
into a glass of water, when, if all the cupric chloride has been 
reduced, the liquid left after the white precipitate has subsided 
will be perfectly colourless. The solution is slightly acidulated 
with sulphuric acid to prevent formation of oxychloride, and 
used as soon as possible. The quantity of the hot solution 
added to each charge is ordinarily such as shall correspond to 
an original amount of salt equal to 5 per cent, of the weight of 
the ore, which on an average, for an 80-oz. ore with average 
gangue, is about 30 gallons per ton of 2000 lbs. This, together 
with the still moist ore, makes a thick mud ; but ores containing 
much calcite require a larger quantity, or else an addition of sul- 
phuric acid, as, without acid, the carbonate of lime decomposes 
some of the cuprous chloride. The barrels are turned for half 
an hour in order to thoroughly mix the mud and start the 
reactions, after which mercury (in which a small quantity of 
lead- or zinc-amalgam has been dissolved) is added in the pro- 
portion of twenty or twenty-five times the weight of silver 
contained in the ore. When the ore contains a considerable 
quantity of silver chloride or bromide, the lead added should 
be about 25 per cent, of the weight of silver present, which 
addition is found to reduce the loss of quicksilver from 1^ ozs. 
to I oz. per ounce of silver extracted. With very rebellious 
ores containing proustite or pyrargyrite, zinc in the amalgam is 
said to give better results than lead. After the addition of the 
mercury the barrel is set revolving, at the rate of about four or 
five times per minute, for six hours; it is then filled up with 
water, again revolved in order to mix the contents, and the 
mixture turned out into a tina or dolly tub with wooden stirrers, 
where it is washed. The liquid amalgam left in the bottom of 
the tub is not pure, as it contains both CujS (resulting from 
double decomposition of OugClg with AgjS) and a hydrated 
cuprous oxide (produced by the action of calcium carbonate or 
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cuprous chloride). The former impurity, together with most of 
the latter, is removed by stirring up the amalgam with 10 per 
cent, of fresh mercury in a tina like those shown in Figs. 1 and 2, 
p. 33, the stirrers of which are kept going at 16 revolutions per 
minute, while fresh water is run in until that left in the tub is 
quite clear and free from sediment. A small quantity, of cuprous 
oxide, retained very tenaciously by the amalgam, is removed 
by running off the water and adding a solution of ammonium 
carbonate (2 per cent, of the weight of amalgam), revolving for 
five hours, and again washing with water. Sometimes the 
amalgam contains a good deal of chemically combined copper 
or an excess of lead or zinc. These impurities are removed by 
digestion with a hot solution of cupric chloride. 

The amalgam is strained and retorted in a capellina (v. Chap. 
VI.) giving silver, which, after melting and refining, is from 980 
fine upwards. The mercury strained ofi' is very impure, con- 
taining lead, copper, ifcc, and after being used five or six times 
will not amalgamate. It is then "quickened" by the addition 
of 20 grammes of dry sodium amalgam to each 100 kilos, of 
impure mercury. 

The reactions in this process are probably the following ; — 

CujCl + AgaS = 2AgCl + CujS. 
2AgCl + 2Hg = Hg2Cl2 + 2Ag, 
HgjCla + Pb = PbClj + 2Hg. 

The loss of silver in tailings is not over 2 to 3 ozs. per ton on 
ores running 80 ozs. to the ton, an extraction of from 96^1 to 97^ 
per cent., which is greater than that of any other known process 
on ores of a character decidedly not free milling, since they con- 
tain quantities of pyrargyrite and even proustite. The process 
compares very favourably with the cazo and fondon processes 
just described ; and even with the Patio process, in which prou- 
stite is but little attacked. The fact that the Copiap6 ores 
contain no large quantities of galena, blende, pyrites, or other 
base-metal sulphide, as do almost all of the Mexican ores, should, 
however, not be lost sight of ; and it may be doubted whether — 
admirably as the process works on suitable ores — it would show 
any better results than the Patio process on ores like those of 
Zacateoas or Pachuca, which are full of heavy sulphides. 

The cost of the process is quoted by Egleston, from Rathbone, 
as follows: — Crushing, 6s. 8d. ; chemicals and quicksilver, 16s. 8d.; 
purifying, retorting, melting, and refining, 8d. ; sundry expenses, 
4s. 7d. ; total, 28s. 7d. per ton of 2000 lbs. 

The Prancke-Tina Process. — This process may be considered 
as a modified Fondon process with improved appliances, which 
make it intermediate between the Fondon and the Pan (which 
will be described in the next chapter). It is the method by 
which the greater part of the silver production of Peru and 
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Bolivia is at present turned out, including that of the great 
Huanchaca Company, the second among the world's producers 
of silver and by far the greatest among those using amalgama- 
tion processes almost exclusively ; hence it merits more than 
passing mention. 

The characteristic which at once distinguishes the ores of the 
famous mines of Peru and Bolivia from tlie majority of those of 
Mexico is the well-nigh universal presence of rich argentiferous 
fahlerz {var. freibergite), together with proustite and pyrargyrite, 
as the predominating silver-bearing minerals; frequently accom- 
panied by arsenical pyrites and cassiterite ; and the comparative 
rarity of argentite, stephanite, and polybasite so common in 
Mexico. This radical difference in the quality of the ores natur- 
ally accounts for a good deal of difference in the process adopted, 
particularly as regards the constant necessity for roasting all 
ores except the gozzans ("pacos" or "cascajos"). It has been 
already observed that all minerals in which silver is the predo- 
minating constituent are much more amenable to amalgamation 
than those in which it is, so to sjjeak, accidental, as, for example, 
fahlerz. Seeing that this mineral preponderates as a silver- 
bearing constituent of the majority of Bolivian and Peruvian 
sulphide ores, it follows that raw amalgamation methods would 
have little or no prospect of success with such ores, and that 
roasting must necessarily form an essential part of the process 
to be adopted. At all the works, therefore, where the Francke- 
Tina process is in use, a more or less perfect chlorodising roast- 
ing is included in the treatment. The roasting operation in use 
at the various works will be incidentally referred to in this 
chapter, but for further details and for a discussion of chloro- 
dising roasting generally the student may consult Chapter IX. 

Crushing the Ore. — At Oruro (Bolivia)* the stamps formerly 
in use driven by a large iron water wheel have been replaced by 
a battery of three No. 4 Gruson ball mills, which pulverise from 
40 to 50 tons through a 25 or 30 mesh every twenty-four hours, 
doing more work the drier the ore is supplied to them. The 
screens have to be changed daily, the set of five grinding plates 
lasts during the crushing of 2250 tons of ore, while the side 
plates last about 1 800 tons. The total wear and tear of the mill 
per ton of ore is 0'03 per cent, of its value (some £400 = 2s. 4d. 
per ton crushed), and each mill requires six men per twenty-four 
hours (two shifts of three men) to attend to it. The average 
work done is 140 lbs. crushed per H.P. hour. 

At Hv/inchaca (Bolivia)t Gruson ball mills are also used for 
crushing the ore through a 50 mesh, and the output of each mill 
is 10 to 12 tons per twenty-four hours, or 130 lbs. per H.P. hour. 

At the Plcuya Blanca (Antofogasta), or coast works of the 

* Basadre, E. and M. J., Nov. 9, 1895. 
t Peele, E. and M. J., Mar. 25, 1S93. 
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Huanohaca Co.,* which have a capacity of 250 to 350 metric tons 
per day, the ore is first crushed in four Blake crushers with 
20-inch by 10-inch aperture, then dried in a gas-fired revolving 
drier and raised to the stamps-bins by a pipe screw-conveyor. 
The stamp mill consists of ten sets of ten heads each, fed by 
Challenge feeders ; the stamps weigh 1000 lbs. each, and drop 
7 inches about ninety-five times per minute in double discharge 
mortars. The construction and arrangement of this mill is 
similar to those described and figured in the next chapter. The 
average output of each stamp is 90 kilos, of ore per hour through 
a 40-mesh screen ( = 24 short tons per day). A pipe conveyor 
takes the fine ore from each battery to a separate bin, and a 
6-feet Sturtevant fan sucks the fine dust Irom the mortars by 
means of an overhead 30-inch exhaust pipe running the length 
of the mill, and forces it through long canvas sacks, like those 
described for filtering flue-dust, f 

Roasting the Ore. — This is always done in reverberatory 
furnaces, revolving furnaces having been tried and abandoned 
on account of the great loss of silver by volatilisation to which 
they give rise. 

At Oruro I the furnaces are of sun-dried brick, lined with 
refractory stone, with a single hearth 10^ feet by Sf feet, and no 
firebox. After spreading the charge of 1000 lbs. ore on the 
hearth, a small quantity of brushwood is burnt on the top of it 
so as to ignite the sulphur, which is the only fuel required. 
Continual rabbling, with the working door always open, exposes 
fresh surfaces and keeps up the heat. Each charge takes six 
hours to work through, and just before the end of the roasting 
5 per cent, of salt is added. There are thirty-two of these 
furnaces, each of which requires one man to work it ; they cost 
•SlOO to build, and last indefinitely with slight repairs. The 
percentage of chlorination, as determined by the hyposulphite 
test, § is 86 to 96 per cent., but the loss by volatilisation is not 
given. The cost of roasting is |2.19 (9s. 2d.) per short ton. 

At Huanchaca and at Playa Blanca long three-hearth rever- 
beratory furnaces of the most approved type are in use, and a 
thorough oxidation (which involves reduction of silver to metal) 
with only partial chlorination (40 to 50 per cent, by hypo, test) 
is aimed at. Particulars of the dimensions of the furnaces and 
the work done by them are given in Chapter IX. After drawing 
the roasted ore, it is spread on cooling-floors to cool during 
twenty-four to seventy-two hours, so as to avoid further chlori- 
nation. The men are paid by the ton, and the ore from each 
shift is treated separately in the tinas, so as to fix the responsi- 
bility for bad roasting. 

*Anonymous, E. and M. J., Deo. 28, 1895. 

t V. Part i., Chap, v., p. 72. f Basadre, loc. cit. 

% V. Chap. viii. 
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At JPotosi * the ore is prepared for roasting in reverberatories 
by a preliminary roasting in lump form in kilns. It is then 
roasted in small double-hearth reverberatories with superposed 
hearths, and 8 per cent, of salt is added on the lower hearth. 
The total quantity put through each furnace is 2J tons per 
twenty-four hours, and one man on each shift attends to two 
furnaces. The chief expense is for fuel, which is very scarce at 
that high altitude ; brushwood and turf are used, and the cost 
for fuel alone is $7.09 per ton, labour being only |0.75. No 
attempt is made to get a thorough chlorination, as the tina, 
according to Wendt,t will extract 90 per cent, of the silver from 
an ore only ohloridised to 20 per cent. 

This most important point is too often misunderstood by 
practical mill men and lost sight of by metallurgical text-books. 
It seems to be a matter of wide experience that good roasting is 
much more important for amalgamation than good chlorination. 
A perfect dead roast without the use of salt leaves all the silver 
in the metallic condition, or in that of sulphate, both of which 
substances are acted upon in whatever amalgamating appliance 
may be employed. It has been seen (p. 57) that a plain roast 
without the use of salt is sufficient to give a good extraction 
from rebellious ores by the Patio process ; the same holds good 
in the tina process, and according to " Playa Blanca," J " an ore 
may not contain a particle of AgCl and yet will amalgamate 
better than ore with a large percentage of chloride." 

Construction of the Tina The tina is practically a pan with 

the bottom and mullers of copper or bronze instead of iron. 
The construction of the tinas used at Huanchaca is shown in 
Figs. 15 and 16, and those at Potosi in Figs. 17 and 18;ij those 
used at Oruro are very similar; the newest tinas at Huanchaca, 
however, have a base and framework of iron. In all the Figs. 
A A are the wooden sides and bottoms of the tinas, 2 metres in 
diameter and 1 -QO metres deep, made of 3-inch Oregon pine ; 
Bis the bottom, or "solera," which was formerly of copper in 
sections but is now always cast of bronze in one piece, |^ inch 
thick and weighing 1100 kilos. ; is the central skeleton cone 
or cross, "cruzeta"; D represents the copper mullers, which, at 
Potosi, take the form of a copper plate in sections bolted to C, 
while at Huanchaca they formerly consisted of four copper shoes 
bolted to wooden arms (Fig. 16). Lately at Huanchaca these 
shoes have been cast in one piece with the central cone, out of 
an alloy composed of 93 per cent. Cu, 6 per cent. Sn, and 1 per 
cent. Zn, forming a casting weighing 1200 kilos. ; while at the 

* Wendt, Trans. A.I.M.E., vol. xix., p. 99 ; also Egleston, op. cit., 
p. 393. 

+ Tran^. A.I.il.E., vol. xix., p. 102. 
X E. and M. J., Deo. 21, 1895, p. 254. 
§ Rathbone, Engineering, vol. xxxiii., p. 173. 
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Playa Blanca works the bronze mullers have been entirely 
replaced by an iron muller and cone cast in one piece, thus 
making a compromise between the original copper " tina '' and 
the iron pan ; E is the bronze shaft which, in order to avoid 
wear and corrosion, is well marlined with hemp and red lead ; 



Fig. 17. 



Fig. 15. 




Fig. 16, 



Fig. 18. 



Sca/e or feet 
Figs. 15 to 18. —Tina. 



F shows copper plates fixed to the sides of the thm by means of 
countersunk copper bolts. These were used at Potosi, and a 
similar arrangement of side plates is used at Oruro, but at 
Huanchaca and Playa Blanca they have been discarded as 
unnecessary. At no place is the grinding done in the tina, as 
the wear and tear of copper would be prohibitive ; the mullers 
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are kept half an inch away from the soleplates, yet the loss by 
the reactions is so great that the average life of a bronze muller 
and soleplate, weighing respectively 1200 and 1100 kilos, is 
only three months, in which time they have been reduced by 
corrosion to 340 and 260 kilos, respectively, and are no longer 
serviceable. At Playa Blanca the life of the bronze solera is 
found to be greatly lengthened by the use of an iron cruzeta, 
which itself lasts six months and is, moreover, much cheaper in 
first cost — a matter which will be referred to later. 

Working of the Tinas.* — At the Playa Blanca (Antofogasta) 
Works of the Huanchaca Company there is a battery of thirty 
tinas, fifteen settlers, and three agitators, besides two " clean 
up" tinas of smaller size ; the operations as carried out at these 
works may be considered typical. The tina is charged with from 
150 to 200 gallons of water by means of a hose, and the required 
amount of crude sea-salt (10 to 12 per cent. ) added ; sea water 
being used at Playa Blanca because it is easier to obtain, 
and because, incidentally, it requires a smaller addition of salt. 
The muUers are then started at about 45 revolutions per 
minute, and the ore charge added by means of hopper trucks 
holding 2500 kilos., which run directly over the tinas ; steam 
is introduced through a rubber hose which reaches to 6 inches 
from the bottom, and then the first lot of mercury, say 10 to 16 
kilos. The roasted ore always contains soluble copper salts, 
and hence no addition is required ; further additions of mercury 
are made from time to time, as shown to be necessary by 
washing tests made in the " chua." As a rule, from four to 
six additions are made of 4 to 16 kilos, each, the total 
quantity added being reckoned at 8 kilos, for every kilo, of 
silver in the ore. Steam is passed during the first two hours 
only, and its consumption corresponds to about 2 kilos, of coal 
burnt per (metric) ton of ore. Amalgamation takes from four 
to eight hours, averaging only five to six hours. When com- 
plete the mullers are raised an inch or two, and the tina is dis- 
charged into a settler, making 15 revolutions per minute, the 
iron launder between the two having a number of depressions 
in it to catch most of the amalgam and mercury. The amalgam 
mixed with tailings is washed in one of the smaller clean-up. 
tinas, and then is equivalent to silver of 980 fine ; but as this is 
not fine enough for export it is re-fused by adding to a charge of 
roasted amalgam 1 to 1^ per cent, of copper sulphate and 3 to 
6 per cent, of salt, thinning with mercury, heating with steam, 
and running hot for from six to twelve hours, which brings it 
up to 997 fine. It is washed in copper pans, dried, and filtered 
through canvas. The retorting and melting is described in 
Chapter VI. Each tina requires from 2J to 3 H.P., or rather 

" S.M.Q., vol. xiv., p. 154; also E. and M. J., Sept. 14, Nov. 9, 
Deo. 21, and Deo 28, 1895. 
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more than a H.P. per ton of ore treated. The loss in mercury 
varies from 1 to 5 kilos, per kilo, of silver, averaging, with the 
all-copjier tina, about one-third tlie weight of silver produced, 
while, according to " Playa Blanca," * the loss in the new com- 
promise tinas with iron mullers has been reduced to one of 
mercury for six of silver. 

The following table shows slight variations in the working of 
the tinas at different places : — 

TABLE IV. 





Oniro. 


Huanchaca. 


Playa Blanea. 


Weight of each charge, lbs., 


8000 


5500 


5720 


Proportion of salt used, 


12J per cent. 


10 per cent. 


10 per cent. 


Quantity of mercury used, lbs. , 


120 


120 to 160 


120 to 160 


Time taken in amalgamation. 








hours. 


4 to 5 


5 to 6 


4 to 5 


Percentage of extraction, 


80 to 85 


82 to 87 


90 


Richness of ore treated (per 








ton of 2,000 lbs.), . ozs., 


80 to 100 


130 


75 to 90 


Value of tailings (per ton of 








2,000 lbs.), . .ozs.. 


8 to 15 


9 to 12 


8 to 9 


Fineness of retort bullion. 


950 to 990 


990 


940 


Loss of mercury to 1 of silver. 




i 


i 


Consumption of copper to 1 of 








silver, .... 




1 


O.t 



The total losses of silver at Huanchaca are as follows : — j; 
Transportation and grinding, IJ to 2 per cent. ; roasting, 3 to 
5 per cent. ; amalgamation, 8 to 10 per cent. ; stealing, 0-1 per 
cent. ; melting, 0'6 per cent. — total, 13 to 17^ per cent. 

Cost of Treatment. — The cost of the process at Oruro § is — 
Crushing, 4s. 9d. ; roasting, 9s.; amalgamation, 22s. lid.; 
retorting repairs, depreciation, interest, and general expenses, 
17s. 7d. — tot>il, £2, 14s. 5d. According to the report of the 
Huanchaca Company for 1894, the total cost of treatment is 
given as £4, 18s. per ton, but this includes transportation from 
the mines to the reduction works on the coast and other ex- 
penses. This Company is the second largest silver producer in 
the world, ranking next to the Broken Hill Prop. Co. Its 
production for the years 1893 and 1894 was about 10,000,000 
ozs. each year, but has shown a falling off since 1895. 

The new modification of the Francke-tina using bronze sole 

* E. and 31. J., Deo. 21, 1895, p. 254. 

tMore copper is obtained in refining the amalgam than that lost by the 

JPee'le, S.M.Q., vol. xiv., p. 154. 
§Basadre, JH. and M. J., Nov. 9, 1895. 
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plate and iron niuller as described * appears to be an important 
innovation. The current set up between the iron and copper 
appears to precipitate metallic copper in the proportion of 6 per 
cent, of the silver, which is separated from the retorted silver 
by cupellatioa ; while, curiously enough, the iron does not seem 
to be attacked nearly so fast as the copper in an ordinary tina. 
It is also claimed that the extraction of silver has been increased 
by the use of the compromise pan-tina and the loss of mercury 
diminished from one-third to one-sixth by weight of the silver 
present. The improved yield of silver and shortened time of 
amalgamation may probably be due to the electric current set 
up between the iron niuller and the copper sole plate. The use 
of iron results in precipitating metallic copper and produces a 
poorer amalgam, which necessitates an extra refining process, 
but this disadvantage is much more than offset by the decreased 
loss of copper. The small loss of iron as compared with the 
previous high loss of copper is difficult to explain, and it may be 
that more thorough roasting, and not the mere substitution of 
iron for copper, is the real cause of the important results. 

Reactions of the Process. — The reactions are practically iden- 
tical with those which take place in the cazo and fondon pro- 
cesses. Any copper chloride in the roasted ore is reduced to 
cuprous chloride in the ordinary " tina," and ultimately to metal 
in the modified tina with iron cruzeta. Any silver present in 
the metallic condition amalgamates direct with the mercury. 
Unaltered silver sulphide is only partly affected, but such portion 
as is acted upon may be transformed partly into chloride and 
partly direct to metal, as shown by the equations : — 

AgaS -I- CujCla = 2AgCl -t- Cu,S 
AgjS + CiiaCla = 2Ag + CuS + CuCU. 

It should be clearly borne in mind that the use of salt, though 
assisting the extraction, is by no means essential for the treat- 
ment of plain silver sulphide unaccompanied by the complex 
sulphantimonides and sulpharsenides. In some parts of Peru 
and Bolivia where salt is dear and sulphide copper ores plentiful, 
ores of silver have been treated with good results in copper 
" tinas " after a gentle roasting with copper pyrites alone. The 
reactions which take place are probably the following : — 

AgaS + CuSOi r- AgaSOi + CuS 
AgaSOi -I- Cu = CuSOi -I- 2Ag, 

the ultimate products being metallic silver (taken up by the 
mercury) and cupric sulphide, which, being in a finely-divided 
condition and exposed to the simultaneous action of air, water, 
and heat, becomes largely oxidised to sulphate. 

* "Playa Blanoa," JS. and M. J., Dec. 21, 1895. 
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CHAPTER V. 
THE PAN PROCESS. 

The iron pan was first applied to the amalgamation of silver 
ores from the Comstook Lode, Nevada, and hence the raw-pan 
process adapted to the treatment of ores carrying silver in the 
native condition, as chloride and sulphide, is called (from the 
name of the district where it originated) the Washoe process. 
When the ores are " refractory," containing arsenical and anti- 
monial sulphides, and especially when they contain argentiferous 
fahlerz, galena or blende it is necessary tO roast them with salt 
before they become amenable to pan treatment ; this modifica- 
tion is sometimes known as the Reese River process. With the 
exception of the roasting operation, the appliances employed, as 
also the mode of operation, are substantially identical in the 
two processes; the ore for the Washoe process, however, is 
generally, though by no means invariably, crushed wet, while 
that for the Reese River process is always crushed dry. The 
Reese River process will be found described in the next chapter, 
while the Washoe process, and its modern development the Boss 
process, will be dealt with here. 

The Washoe Process — Crashing. — The first step is the 
crushing of the ore through a mesh which varies between 
24 and 80, averaging probably about 40. This is almost always 
done wet, because the capacity of a given mill is much larger 
when crushing with the help of a stream of water, and because 
the dry-crushing plant, besides being of smaller capacity, is 
much more complicated, requiring special drying kilns for the 
ore, mortars with wooden housings to prevent escape of fine 
dust, conveyers and exhaust fans to remove the ore as fast as 
pulverised, and settling chambers to collect it. When milling 
soft rich chloride and sulphide ores, however, it is often advan- 
tageous to crush dry in order to avoid the loss of silver in slimes 
and in fine scales of silver chloride and sulphide which float 
away on the surface of the battery water. Eissler * mentions 
that at White Pine (Nev.) dry-crushing mills saved 90 per cent, 
of the assay value of the ores, while wet-crushing mills working 
on the same ore could only save 80 per cent. ; there can indeed 
be little doubt that many mills using the ordinary pan process 
would show a better percentage of extraction if dry crushing 
were employed, though it is doubtful if the increased saving 
would compensate for the increased cost. The slimes carried 
off by the water, however (as distinguished from the tailings 

* Metallurgy of Silver, 1891, p. 125. 
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thrown away or stored for re-treatment), are seldom or never 
systematically sampled and assayed, owing partly, no doubt, to 
ignorance, and partly to the reprehensible habit of making as 
good a "showing" as possible for the mill, quite irrespective of the 
real losses ; and as the so-called " percentage of extraction " is 
generally obtained by comparing the bullion yield per ton of 
ore with the assay of the coarse sand " tailings," the real loss or 
the true value of the original ore is not known. With low- 
grade ores, however, the slime-losses are much less in proportion, 
and it is always more economical to crush wet, the greater 
simplicity of the plant and its increased capacity more than 
compensating for the loss in fine slimes. For dry crushing it 
is necessary to dry the ore as it comes from the mine before it 
can be milled. This is done by the revolving or shelf-dryers 
described in the next chapter. 

In all well-arranged mills the ore, before reaching the stamps 
or other fine-crushing appliance, is ))assed through a stone- 
breaker of the Blake or Gates type.* These crushers should be 
set as fine as possible in order that the stuff leaving them may 
be small enough to pass a 1^-inch ring, and, preferably, even 
smaller, so as to relieve the stamps as much as possible and 
increase their capacity. 

Stamps. — Some soft ores have been advantageously crushed 
as a preliminary to pan amalgamation by means of rolls and of 
Huntington mills, t The latter appliances, in particular, have 
come into use very largely in the mountainous districts of 
Mexico, because (although expensive for power and for wear 
and tear, if the ores are at all hard) they are, for equal capa- 
city, cheaper, lighter, and simpler to erect than a stamp mill. 
Throughout the United States, however, and in most other 
places where pans are employed, Californian revolving stamps 
are the universal means of crushing employed. Five stamps 
work in a single mortar-box, and each such " battery " may be 
driven by a separate belt and pulley from a main shaft, or two 
such are placed side by side to form a " section " of ten heads, as 
shown in Fig. 19. 

Space is lacking for a full description of the mechanical details 
of a stamp mill. J There is no material difference between the 
stamp mills employed for crushing gold ores and those used for 
silver ores, except that the former invariably discharge at the 
front only, whereas in silver mills the principle of double dis- 
charge can be adopted, with the advantage of increased capacity, 

* For desoriptions of these machines the student is referred to the 
volume on the Metallurgy of Gold in this series. 

ilhid. 

{This may be found in Rose, Metallurgy oj Gold, 1894, pp. 99-113; 
Egleston, Metallurgy oj Gold, Silver, and Mercury in the U.S., vol. i., 
pp. 153-177. 

6 
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as, even with wet-crushing mills, inside amalgamation is never 
resorted to unless the ores contain much free gold as well as 
silver. 




Fig. 19.— Stamp Mill. 




Figs. 20 and 21.— Mortar. 
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There is considerable diversity in the mortars employed. 
Fig. 20 shows a double-discharge mortar adapted for wet 
•crushing, and Fig. 21 one of a slightly different pattern 
used for dry crushing. Details of an individual stamp 
are shown in Figs. 22 to 26. The stem (not figured) is 
a plain rod of best wrought iron, 2f to 3^ inches thick, 
according to the weight of the stamp, and tapered at the 
ends, which is wedged into the top of the head (Fig. 23) by 
means of a piece of canvas or leather, or by means of thin 
wooden wedges. To it is fixed the tappet (which is now usually 
made of cast steel), Fig. 22, by means of a wrought-iron gib 
which is pressed against the stem by two (sometimes three) 
«teel wedges. The sJioe (Fig. 24), or actual wearing part of the 




•0^. 



23. 





Figs. 22 to 26. — Details of Stamp and Cam. 



stamp, may be made (as formerly) of white cast iron or (as is 
more usual) of forged, cast, or chrome steel ; it is wedged into 
the cast-iron "head" by tying thin strips of pine wood round its 
upper tapered portion and letting the head fall on it once or twice, 
which jams it tightly on. The die (Fig. 25), of white iron, forged 
or cast steel, upon which the stamp falls is circular in its upper 
wearing portion, but may be square, hexagonal, or octagonal 
below so as to better fit into the bottom of the mortar. The 
stamp is raised by means of a cam which engages with the 
'■ tappet." The most usual form of cam is keyed on to the cam- 
shaft by means of a keyway cut in the latter as well as in each 
cam ; but the cutting of long key ways is an expensive job, and 
the replacement of a broken cam, requiring as it does a keyway 
to be cut in the new one and the knocking out of all the keys 
on the shaft, often causes hours of delay. The " Blanton " cam 
shown in Fig. 26 is fixed to the shaft by means of the taper 
bushing figured, which is jammed tight by the revolution of the 
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cam-shaft and loosened when required by a gentle tap on the 
back of the cam. The bushing is fixed on the shaft by means of 
two little pins, which fit into holes in the shaft in the proper 
positions. The proper curve for the cam surface (in order to 
secure uniform velocity in raising the stamp, and, therefore, 
uniform wear and tear of the surfaces in contact) is the involute 
of a circle whose radius is the distance between the centre of 
the cam-shaft and that of the stamp stem. Cams are sometimes 
made of grey cast iron, but now more usually of cast steel. The 
friction of the cam on the tappet rotates the stamp as it rises, 
but this rotary motion ceases long before the shoe can reach 
the die in falling, so that the "grinding action" of the former on 
the latter, which some writers on the Californian stamp have 
claimed for it, is a myth. The rotation of the stamp is, however, 
essential, for it makes the contact surfaces wear evenly. The 
jacks or fingers for holding up each stamp when required are 
shown behind the cams in Fig. 19. The wooden guides for the 
stamp stems are now frequently made sectional for facility of 
adjustment. The screens used in silver mills are generally of 
brass wire cloth, for with these nearly double the area of dis- 
charge aflbrded by the punched or slot screens for any given 
mesh can be obtained. It is readily proved by experiment that 
crushed pulp which has already passed through the screens once 
takes nearly as long to go through a second time when fed back 
into the mortar, whence it may be inferred that the crushing 
capacity of a stamp-battery is always in excess of its discharging 
capacity. This is the argument in favour of double discharge 
for silver mills in which no battery amalgamation is attempted. 
In wet-crushing silver mills punched slot screens of Russia iron, 
like those us6d in gold mills, are frequently seen. 

The ore is sometimes fed into the mortars by hand, in which 
case the feeders only work eight-hour shifts ; but more generally 
by means of self-feeders. One of the best of these is the Hendy 
" Challenge," shown in Pig. 27. Whether the feeding be done 
by hand or automatically it is important to keep the layer of ore 
between the shoes and dies as thin as possible — not over 2 inches. 
This largely increases the crushing capacity without increasing the 
wear and tear, which is, in fact, frequently diminished. The wear 
and tear of shoes and dies, other things being equal, depends upon 
the hardness of the rock ; with soft rock a set of shoes may last 
for many months, while on hard quartz they will be worn out in 
three to four weeks. The average wear of hard white cast-iron 
shoes may be reckoned at 1 to IJ lbs. per ton of ore crushed, 
that of dies being usually much less, say, 10 ozs. to 1 lb. per ton 
of ore. 

Power Required, dsc. — The power required per head of stamps 
varies according to their weight, the number of drops per 
minute, and the height of drop. The weight of the whole 
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stamp in silver mills varies from 650 up to 1050 lbs., but the 
most usual weight is 750 to 850 lbs., which drop from 8 to 9 
inches, averaging 90 drops per minute. Supposing 850-lb. 
stamps drop 9 inches, and make 90 drops per minute, the 
theoretical H.P. required for a 20-head mill will be : — 



20 X 850 X -75 x 90 
33,000 



= 37-8 H.P. 



Allowing 33 per cent, for friction, &c., about 50 H.P. will be 
required for crushing alone, or 2J H.P. per stamp, besides what 
is required for the stonebreaker. 




Fig. 27.— Challenge Feeder. 



In crushing dry it is found advantageous to use a drop not 
exceeding 8 inches, and to run as fast as possible (the practical 
limit being reached at 96 to 100 drops per minute) so as to keep 
the powder under the stamps always in motion and increase the 
frequency of the puffs of air which serve to carry it through the 
screens. In crushing wet it is the splashing of the water which 
carries the crushed pulp through the screens ; the quantity of 
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water required is about 60 imperial gallons per stamp per hour, 
but frequently a much larger quantity is used. 

Handling the Crushed Ore. — In dry crushing the ore dust is 
generally carried to bins by means of an endless belt or pipe 
conveyor, while the finest particles are exhausted into settling 
chambers by means of a fan. The pans are charged by means of 
a truck which runs under the hopper bottom of the settling 
chamber bins, and is tipped direct into tlje pan, already partly 
filled with hot water, and set in motion. In wet crushing the 
stream of " pulp " is received in a series of pits or tanks arranged 
in front of the battery, through several of which it runs so as to 
deposit the greater part of its solid contents. It is then led 
outside the building to deposit the finer slimes in large settling 
pits or dams, the sediment from which is occasionally removed 
to be worked up along with the " sand " portion of the crushed 
ore, or separately. On the Comstock, where the mines are con- 
trolled by milling companies (whose aim is rather to get as much 
as possible for themselves than the best possible returns from 
the ores), the " slimes " are considered a perquisite of the 
mill; hence they frequently amount to 10 per cent, by weight 
of the original ore, and are relatively much richer in metal. 
In most localities, however, an attempt is made to settle the 
slimes as thoroughly as possible, and to work them up in the 
pans together with the coarser pulp. Another way of diminishing 
the slime loss is to pump the water from the last settling tank 
back to a storage tank and use it over and over again in the 
battery and pans instead of clear water ; this, while not actually 
resulting in a smaller production of slimes, considerably reduces 
the loss of silver in them. 

As soon as each tank has been shut off and "settled," the 
remaining water is drawn off by a series of plugs, or by pumping, 
and the pulp baled and shovelled out on to a platform above 
the pans to drain, being then shovelled into the pans as required. 
A much more convenient and economical way of charging the 
pans is that described by Tatum,* who uses a portable steam-jet 
pump with flexible steam pipe, suction, and delivery connections, 
which is moved from tank to tank as required. With IJ-inch 
pipe for steam supply, and 4-)nch hose for suction and delivery 
connections, this pump will suck up in three minutes 3333 lbs. 
of pulp (equal to about 2000 lbs. of solid ore) from one of the 
settling tanks, charge it into a pan and heat it in the process up 
to about 110° F., thus saving time and steam afterwards. 

In the pan the charge is ground with mercury and "chemicals" 
for four to six hours, and then passes to a "settler," in which 
the amalgam and surplus quicksilver separate from the pulp. 

Construction of Pans. — Numerous forms of pans have been 
patented, and many of these have been figured and described in 
* E. and M. J., Dec. U, 1895. 
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books on the metallurgy of silver.* The oldest is the flat-bottomed 
Wheeler pan, which has been frequently figured (y. footnote) and 
is still used to some extent. Later, conical pans were adopted, 
which, it was believed, would require less power, but as their 
capacity is smaller, and as their wearing parts are more difficult 
to replace, they have now almost entirely gone out of use. All 
the conical pans, and some of those with flat bottoms, have the 
bottoms steam-jacketed, so as to utilise the exhaust steam from the 
engine for heating the pulp, but this introduces an additional 
complication which is an oflTset to the apparent saving, hence, in 
most cases, steam for heating is introduced into the pulp direct 
from the boilers. Exhaust steam cannot be used in the pulp, 
because the grease in it would be fatal to amalgamation. In some 
mills the pulp is heated by boiler steam and the temperature 
then kept up by exhaust steam in false-bottomed pans ; this 
arrangement, however (though apparently a very good one), is 
not common. Most of the early pans had iron sides ; most, if 
not all, of the modern ones have an iron bottom with a flange 
reaching above the level of the muller ; the sides are of 
wood, which is not only cheaper in first cost but obviates loss 
by corrosion. 

Some of the more modern pans are shown in Figs. 28 to 30, 
the same lettering being employed thi-oughout to facilitate 
reference. Fig. 28 t shows the Boss Combination pan, which is 
a modification of that designed by Patton, and may be taken as 
typical ; the bottom and flanges (to hold the 3-inch wooden 
staves forming the sides) are cast in one piece : a is the shaft 
rotated by bevel spur wheels underneath, b is the " muller-nut," 
into which works the screw and hand wheel, c, by means of 
which the midler is lowered on to the shoes for grinding or 
raised for mixing, as required, the lower hand wheel serving as 
a jam-nut to keep it fixed in any position. Bolted to the 
muller-nut is the "driver," d, to which the "muller," e, is affixed 
by means of stots and catches. The "shoes,"/, are fixed to the 
muller, e, by dovetail projections and sockets, their own revolu- 
tion keeping them in position, while they are readily loosened 
by turning the muller the other way. The sectional " dies," g, 
are fixed to the bottom of the pan in a similar way. The 
contents of the pan are discharged through the aperture, i, which 
is closed by a wooden plug. 

The Howell pan, Fig. 30, is similar to that above described, 
except that the driver and muller are bolted together, and that 
the muller is thicker in proportion. The peculiarity of this pan 
consists in the curved "mould-boards," an idea of Stevenson's 
for improving the pulp currents. The natural current of the 

* V. Egleston, op. cit., vol. i., pp. 368-379 ; Eissler, Metallurgy of Silver, 
pp. 64-77 ; Phillips, Mements of Metallurgy, 1891, pp. 763-769, &c. 
t Taken from Fraser & Chalmers' catalogue. 
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pulp in a pan is down through the openings of the muller (which 
18 generally of tripod form), out under the shoes, up round the 
sides of the pan and down again through the centre, but in 




Kg. 30.— Howell Pan. 

ordinary pans only a portion of the pulp takes this regular 
course. The object of the curved cast-iron " mould-boards " is to 
increase the strength of the upward current back to the centre 
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and so increase the grinding effect; this, while lessening the 
area of shoe and die in contact, reduces the friction and the H.P. 
required to drive the pan, without diminishing the capacity. 

The Boss pan, shown in Fig. 28, is steam-jacketed, the jacket 
taking the form of a false bottom extending upward round 
the central cone, as shown at h. This pan is provided with 
"wings," j, near the top to turn back the current of pulp 
towards the centre. Instead of being intermittent in its action 
like the others this pan is designed for continuous working, the 
pulp entering and overflowing through the pipes, k, and as it is 
not charged from the top a cover is adapted, which serves to 
retain the heat imparted by steam in the first pans of the series. 
The Boss form of pan is a good one, quite irrespective of its 
continuous mode of working, which will be described at length 
subsequently. 

From the pan the pulp is drawn into a " settler," which may 
be considered as an extra large pan with wooden shoes and no 
dies. The older forms of settler, with plough-shaped shoes 
somewhat resembling the "clean-up" pan. Fig. 32, and often 
figured in metallurgical treatises, are still in use at a few mills, 
but most of the newer settlers are like that shown in Fig. 31,* 
with a continuous ring of wooden shoes, a. In this apparatus, 
which is generally 8 feet in diameter as against 5 feet for the 




Fig. 31.— Settler. 

pan, the pulp is thinned with water, and the mullers being 
revolved slowly (10 to 20 revolutions per minute) the globules 
of mercury and amalgam suspended in the pulp gradually 

* From Fraser & Chalmers' catalogue. 



THE PAN PROCESS. 91 

coalesce and form a pool in the annular gutter, h, round the 
circumference ; tliis is drawn off at intervals from the mercury 
cup, c, or is discharged continuously as it accumulates by means 
of goose-necks or short syphons. 

In the older mills the pulp from several ordinary settlers was 
discharged into a single large wooden dolly-tub, 10 or 12 feet in 
diameter, in which a revolving cross carrying vertical arms kept 
the pulp in motion and allowed part of the floured quick- 
silver still remaining in it to settle out, together with tlie 
coarser heavier portions of the metallic sulphides. These 
so-called "agitators" are still in use to some extent, but in 
modern silver mills this device is generally replaced, or, at all 
events, supplemented by appliances specially suited to catching 
fine floured quicksilver (as copper plates) and by others for 
saving the sulphides, such as blanket sluices, True vanners, and 
other concentrating plant. 

Working the Pan Charge. — The weight of a pan charge varies, 
according to the size of the pan, between 2000 and 4000 lbs., but 
for the ordinary 5-foot j)an the charge will be from 2600 to 3600 
lbs. Sufficient water is run in to the pan to form a thick pulp 
when the ore is added; the mullers are then set in rotation an inch 
or two above the dies before adding the ore, so as to prevent 
" packing," the usual speed being from 70 to 90 revolutions per 
minute. As soon as the ore charge is all in, the mullers are 
lowered till they all but touch the dies, and steam is at the same 
time introduced into the charge until its temperature reaches 
160° to 180° P., or very close to the boiling point. The con- 
sistency of Ihe pulp increases as the grinding proceeds, in 
spite of the condensed water from the steam jet, and it is 
considered important to have it quite thick, notwithstanding 
the greater absorption of power in rotating the mullers, because 
larger globules of mercury can then be carried in suspension, 
which, from their lessened tendency to coalesce, have a better 
chance of taking up the silver.* The right consistency is shown 
when a piece of wood dipped into the pan comes out covered 
with thickish mud, in which are disseminated minute globules 
of mercury. The grinding process usually takes from one to one 
and a-half hours, unless the ores be very easily worked or very 
fine screens have been used in the battery, in which case it 
may be dispensed with altogether. The usual practice now is 
to stamp at once to the required degree of fineness (as determined 
by experiment for each particular ore), and to dispense with the 
grinding in the pans, as in this way the same quantity of ore 

* This point has been already referred to in connection with the Patio 
process. Another reason why thick pulp is preferred in the pan process is 
that in a given time larger quantities of material can be treated with the 
same plant and for practically the same expense, except that a little more 
power is required. See Hodges, Trails. A.I.M.E., vol. xix., p. 238. 
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can be treated with a smaller number of pans, while the bullion 
produced is cleaner and the loss of mercury smaller. 

After the grinding is finished the shoes are raised about 
I inch off the dies and mercury is added — best by pouring it 
through a fine strainer or squeezing through canvas. The pro- 
portion used varies within wide limits, and more in accordance 
with the fancy of the millman than with the richness of the ore. 
At various mills the quantity added varies between 150 and 350 
lbs. to each pan, or from 180 to 300 lbs. per ton of ore ; 300 lbs. 
to the charge or 200 lbs. to the ton of ore is, perhaps, an average. 

Use of Chemicals. — The " chemicals " used besides mercury 
chiefly consist of salt and copper sulphate ; if refractory sulphide 
ores are under treatment these substances may be advantageously 
added at the commencement of the grinding process so as to 
accelerate the reactions. In the case of some "free milling" 
chloride ores no additions of chemicals are made, but the use 
of salt has the effect of shortening the process, while in all the 
more refractory ores the yield is increased by adding both salt 
and copper sulphate. With special ores other additions are 
sometimes made; thus with ores containing oxide or carbonate 
of copper sulphuric acid, in the proportion of 1 or 2 lbs. to the 
ton, may advantageously replace part or all the copper sul- 
phate ; lime, in the proportion of 1 to l-i lbs. per ton, is frequently 
employed with ores containing partially oxiilised pyrites. Iron 
borings, in all quantities up to 20 lbs. per ton of ore, are a fre- 
quent addition to such ores as corrode the pans rapidly ; zinc 
shavings are employed in the Ontario Mill in the proportion 
of 1 lb. per charge, partly with the object of setting up local 
couples with the precipitated copper (for which purpose, however, 
they cannot be much more efficacious than an equal amount of 
finely-divided iron, say in the condition of filings), but chiefly, 
no doubt, with the idea of keeping the precipitated copper out 
of the amalgam.* Other fanciful additions have been sometimes 
made, such as potassium cyanide (of which as much as J lb. per 
ton was used at the Black Pine Mill, Montana), nitre, lye, &c., 
but it is difiicult to see what purpose they can serve, except 
that of somewhat quickening the mercury and so diminishing 
the loss by flouring. Practically speaking, salt and hluestone 
are the reagents employed in the pan, as in other amalgamation 
processes, but there is no general rule as to the quantities, which 
vary in the case of salt from 1 lb. up to 44 lbs., and in that of 
bluestone from J lb. up to 1 8 lbs. per ton of ore. On the Com- 
stock the quantity of salt varies from 2 lbs. to 16 lbs., and that 
of bluestone from 3 to 8 lbs. The larger amounts of both sub- 
stances are required for the more refractory ores, but with such 
large quantities the amalgam becomes very base, carrying as 
much copper as silver. Some plumbiferous ores yield an amalgam 
* See Stetefeldt's experiments, Trans. A.I.M. &'., vol. xiii., p. 69. 
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very rich in lead, as much as 60 or even 80 per cent, in some 
cases. Generally speaking, the baser the amalgam the larger is- 
the percentage of silver extracted, as the presence of a large 
amount of amalgamated copper is very effective in reducing 
from its combinations tlie silver in the pulp. 

The time required for amalgamation is from four to six hours. 
In some mills, using chloride ores, the charges are completely 
worked off in four hours without grinding ; in others, using 
refractory ores, the total time for each charge runs up to six or 
eight hours, of which, perhaps, four hours will be required for 
grinding. 

The consumption of iron in the pan is considerable, part of 
the loss being mechanically worn off the shoes and dies in 
grinding, part being due to corrosion through the action of the 
copper sulphate and of metallic chlorides in the ore. Th& 
average loss varies from 3 
to 7 lbs., making (with that 
from the stamps) a total 
loss of from 5 to 10 lbs. per 
tonof ore treated, the higher 
figures referring to mills on 
the Comstock. This iron 
plays an important part in 
the reactions of the process, 
as will be seen hereafter. 

A small part of the iron 
finds its way into a peculiar 
hard amalgam, which settles 
in all the crevices of the 
shoes and dies and of the 
bottoms of the pans to the 
amount of 20 to 70 lbs. 
each pan, and which is 
scraped out when each pan 
is "cleaned up" at intervals 
of two to four weeks. This 
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Fig. 32. — Knox's Clean-up Pan. 



is collected till there is sufficient to form a charge for the Knox 
clean-up pan, shown in Fig. 32. In this pan it is worked up 
for several hours together with hot water (sometimes also acid 
and often salt) and a large excess of mercury. By working the 
amal<^am in this way the iron and heavy sulphides are gradually 
floatell to the top, where they can be run off with the water or 
skimmed off before straining out the excess mercury. 

Generally the whole contents of each pan are discharged into a 
settler where they are worked with water for half the time spent 
in the 'pan, thus making one settler serve two pans alternately. 
The speed of the settler must be regulated by the fineness of the 
ore and the amount of heavy sulphides it contains, for, if driven 
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too fast, an unusual amount of floured quicksilver will be carried 
^way in the tailings, while, if driven too slow, some of the sul- 
phides will settle to the bottom and " pack " there. When 
sufficiently settled, the plugs are removed successively, begin- 
ning at the top, while a stream of clear water is allowed to flow 
through. Some inches of heavy sand always remain with the 
mercury at the bottom, but this is easily taken up by the next 
charge, and, if care be exercised, need not accumulate to any 
extent. A good deal of impure amalgam collects at the bottom 
of each settler, and the weekly clean-up yields, with average 
ores, 300 to 400 lbs., which is cleaned in the Knox pan like the 
hard amalgam from the pans. Most of the amalgam, however, 
is discharged with the excess of mercury by the goosenecks 
which lead from the mercury cups of the settlers into the 
strainers. 

Clean Up, &C. — The fluid amalgam from the settlers is strained 
through canvas bags which are hung in a locked sheet-iron box 
called an " amalgam safe." One form of this, with a permanent 
overflow for the mercury as soon as the lower receptacle is full, 
is shown in Pig. 33. In large mills there is a row of these 




Fig. 33.— Filter. 



-strainer-safes, all the mercury from which discharges into an 
"iron tank, from which it is raised to the upper storage tank 
above the level of the pans. The mercury almost all drains 
through the pores of the canvas by its own weight, but straining 
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is finished by squeezing the bag ; and the pasty amalgam is 
taken out for retorting or for preliminary cleaning in the 
"clean-up" pan should it be unusually impure. In some of 
the Comstock mills hydraulic presses are used for squeezing 
out as much as possible of the excess of mercury from the 
amalgam ; this effects a saving in the retorting, but with some 
base ores (especially if they contain lead) it is an advantage to 
have a large proportion of the mercury in use distilled, as it 
comes out so much cleaner and amalgamates better. 

With ores which yield a very base lead-containing bullion the 
amalgam is often strained twice, once while hot and again after 
cooling. The first straining by means of a bag hung in a steam 
chamber removes most of the silver and copper, the lead amalgam, 
which while hot is perfectly fluid, running through the pores of 
the strainer. When 
cold, the lead amalgam 
becomes pasty and can 
be removed, together 
with the remainder of 
the silver and copper, 
and retorted separately. 
At Pioche (Nevada) * 
the hot-strained amal- 
gam gave a bullion 550 
to 680 fine in silver, the 
remainder being chiefly 
copper, whereas • that 
from the second strain- 
ing was almost all lead 
with a little copper and 
only 10 to 20 fine in 
silver. 

Handling of the Mer- 
cury There is always 

great loss in handling 
mercury, owing to its 
weight and volatility, 
and also to the facility 
with which it breaks 
up into minute par- 
ticles. Hence it should 

be dealt with as much as possible automatically. One arrange- 
ment for lifting the mercury from the storage tank (into which 
the amalgam safes empty) to the high-level storage tank for 
supplying the pans is by means of an elevator (somewhat similar 
to those used for raising ore, but with stamped sheet-iron cups) 
very thoroughly housed in to prevent loss. This arrangement, 
*Eissler, op. r.it., pp. 132 and 166. 




Fig. 34,— Elevator. 
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shown in Fig. 34, is still in use in most small and some large 
mills, but in some of the latter it has been replaced by a small 
plunger pump with ball valves of steel and running in hydraulic 
packing. Limits of space render it impossible to give a detailed 
description of the quicksilver pump system,* but Fig. 35 shows 
the general arrangement, and Fig. 36 the pump itself in section. 




35 and 36. — Quicksilver Pump. 



From the upper tank, L, about 4 ft. x 2 ft. x 18 in., into which 
the pump delivers, a |-inch pipe distributes the mercury to the 
pan reservoirs, O, each of which serves two pans, into either of 
which it may be emptied through the pipes, E,. The reservoir 
is allowed to fill until the mercury reaches the required height, 
where it remains until one of the pans is ready for a charge. 
* For which consult Egleston, op. cit., pp. 399-403. 
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In some large mills the amalgam, instead of being carried 
from the strainers to the retort room, is loaded into a truck 
with padlocked cover running on rails. The retorting will be 
described in Chapter VII. 

Percentage of Extraction.— Reference has been already made 
to the fact that the true percentage of extraction is seldom ascer- 
tainable, owing partly to bad sampling and partly to a general 
desire to make things look as well as possible. As a general rule, 
it may be said that with accurate sampling not more than 70 to 
75 per cent, of the silver contents is extracted, though at Oalico 
(Cal.), Silver Reef (Utah), Tombstone (Ariz.), and other places 
with rich and free-milling chloride ores the saving has risen to 
85 and even 90 per cent. There is a rapid decrease, however, 
wherever the chlorides have become replaced to any extent by 
sulphides. On the Comstock the mills usually return 65 per 
cent, of the assay value for the Mining Companies, and retain 
a variable amount, estimated at from 5 to 10 per cent, more, 
for themselves, the tailings being afterwards worked over 
by other people. 

The gold contents of the ores are, as a rule, much less per- 
fectly extracted than the silver. At the silver mills of Butte 
(Montana) the percentage of gold extracted by direct amalgam- 
ation was from 50 to 60 per cent., but here the ore was roasted 
before amalgamation. At Pioche (Nev.) and Tombstone (Ariz.), 
with the ordinary process, the extraction of gold was only 40 to 
50 per cent, as against 75 to 80 per cent, for silver. At De Lama/r 
(Idaho), however, the extraction of gold on ores carrying about 
1 oz. per ton runs as high as 70 per cent. 

Loss of Mercury — The loss of mercury in the Washoe process 
is chiefly mechanical, as pointed out by Hague,* who noted that 
it increases in direct proportion to the loss of iron by attrition, 
losses of 7 and 9^ lbs. of the latter metal per ton of ore corre- 
sponding respectively with losses of 1 lb. and IJ lbs. of mercury 
per ton. The loss may vary with different ores from as little 
as 6 ozs. up to as much as 3 lbs. per ton, the higher figures, 
however, being chiefly from roast-amalgamation mills treating 
cupriferous ores. Part of the mercury is lost in handling, 
splashing, and dropping about, so much so that large quantities 
are usually found in the foundations of old mills ; but the prin- 
cipal source of loss is as floured mercury which escapes with the 
tailings. This loss is greatly increased by grinding in the pans, 
so that it is preferable to crush fine in the battery and keep the 
pan mullers off the dies. Generally speaking, those causes which 
interfere with amalgamation tend also to increase the loss of 
mercury, for if the globules are in such a condition as not to 
■amalgamate easily they will not readily reunite after being 
broken up. A fair average total loss on easily-worked ores may 
♦ Report U.S. Oeol. Surv. of 40th Parallel, vol. iii., p. 292. 
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be taken at ^ to 1 lb. per ton, and on refractory ores IJ to 2 lbs. 
per ton. 

The chemical loss is slight, most of the calomel formed being 
reduced by the excess of iron present. According to Eissler* 
some soluble sulphate of mercury is formed by direct reaction of 
mercury on copper sulphate, but it is difficult to believe that 
much mercury sulphate can exist in solution in presence of a 
large excess of reducing agents and of salt. The traces of 
mercury present in the effluent clear water from the settlers 
after depositing the slimes almost certainly exist in the form 
of calomel dissolved in excess of sodium chloride. 

The loss of mercury may be greatly reduced by care in keeping 
the stocks of that metal in good condition, cleaning from time 
to time with nitric acid and keeping it " lively " by means of 
a little sodium amalgam or potassium cyanide. 

Interference of Various Substances. — Any substance which 
tends to make the mercury dirty and to coat the fine globules 
will both interfere with amalgamation and increase the loss of 
mercury. Thus grease in any form (as in exhaust steam) is fatal 
to good results, while talc, kaolin, and other hydrated silicates 
of magnesia and alumina act similarly by coating the globules 
and preventing contact between them. It is essential that the 
pan bottom, dies, and mullers should be clean and not coated 
with a layer of graphite and iron oxide,t while the finely-divided 
iron from the batteries plays a very important part. These two 
reasons explain to a great extent the bad results shown by 
slimes as compared with sand, for, on the one hand, the par- 
ticles of iron are absent in the former case, and, on the other 
hand, the fine mud tends to coat the mercury globules and to 
prevent their coming in contact with the silver. 

Copper ores do not necessarily interfere with the process in 
any way, nor does the copper enter the amalgam unless it has 
first been converted into a soluble salt. When the copper is 
present as oxide or carbonate, sulphuric acid may be used to 
produce bluestone in the charge. The way in which copper enters 
the amalgam from its soluble salts has been already explained, and 
reference has been made to the fact that the more copper there 
is in the amalgam the better is the percentage of extraction. 

Lead ores interfere by " sickening " the mercury. Under some 
circumstances lead ores are rapidly amalgamated, forming a pasty, 
readily tarnished amalgam which is very easily floured and so 
causes great loss. The production of low-grade lead-containing 
bullion from base ores at Pioche (Nev.) and other places has 
been referred to above, but the circumstances under which lead 
becomes amalgamated ha^-e not been thoroughly studied, although 
it is known, generally, that the higher the amount of chemicals 

*0p. cit.,y. 96. 

+ See remarks by J. K. Clark, Trans. A.I.M.E., vol. xvii., p. 775. 
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used the greater will be the proportion of lead amalgamated. 
According to Austin* (at Tombstone, Ariz.), cerussite and galena 
did not seem to be affected, but the presence of wulfenite in the ore 
always resulted in a base lead-containing bullion being produced. 
Church t suggests that tellurides in the ore may have been the 
determining cause. It is certain that both cerussite and angle- 
site can be recovered from the pan tailings of many ores which 
yield no lead to quicksilver. The author would suggest that it is 
those ores of lead which contain PbClj (pyromorphite, mimetesite, 
uiendipite, (fee.) which are chiefly affected by mercury and yield 
a lead-containing amalgam, for special experiments show that 
PbClj is much more readily amalgamated than the insoluble 
carbonate, sulphate, or oxide. It is probable that before lead 
can be amalgamated it must first pass through the condition of 
soluble chloride, from which it is then precipitated by the iron 
of the pans. 

Zinc ores are not amalgamated in the pan process, as might 
be expected from the fact that zinc is positive to iron. Blende 
is said to " dirty " mercury, and to some extent interferes in 
this way with the process. 

Arsenical and antimonial ores are always difficult to work, for 
the mercury not only becomes "floured," but also "sick "and 
dirty, so that it will not readily amalgamate. When treating 
arsenical ores, the whole of the stock of mercury should be 
frequently cleaned with nitric acid and retorted. If the silver 
is combined with arsenic or antimony {e.g., pyrargyrite, proustite, 
ifec.) the ores must be roasted before pan-amalgamation is 
possible. 

^fanganese oxides froth in the ])an (may this be due to escape 
of oxygen?), and give rise to high loss of mercury (up to even 7 lbs. 
per ton) and low percentage of extraction. According to Pearce, 
MnOg appears to give up oxygen, which, in a nascent condition, 
acts upon the mercury and forms a sub-oxide. When ores rich 
in MnOj, are treated in pans the bullion is very pure, showing 
no trace of copper, even when as much as 100 lbs. of bluestone 
to the ton of ore has been added, which proves the strength of 
the oxidising influence. 

As the effect of manganese ores is directly opposite to that 
of base plumbiferous and zinciferous sulphides, it is very 
advantageous to work the two classes of ore together, if they 
occur in the same neighbourhood. The best results are obtained 
when the mixture is made in such proportions as to yield a 
bullion of about 900 to 950 fine, in which case the quicksilver 
remains in good condition, being neither "dirtied" nor exces- 
sively "floured." Roasting is also found to minimise the bad 
effect of MnOj on amalgamation and to increase the percentage 



* Trans. A.I.M.E., vol. xi., p. 91. ilbid., vol. xv., p. 
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of silver extracted, but it seems impossible to avoid a high loss 
of mercury when treating manganiferous oxidised ores alone. 

Reactions of the Pan Process. — From a consideration of the 
fact that free-milling chloride ores will yield a very high per- 
centage of their silver contents to mercury when treated in 
pans without any chemicals, it will be obvious that, besides 
mercury, metallic iron is the chief reagent in the Washoe process 
when treating such ores — not merely the iron castings with 
which the pulp comes into contact, but also the finely-divided 
iron from stamps and pan muilers, the total quantity of which 
(as we have already seen) runs from 2 to 10 lbs. per ton of ore. 
The action is, no doubt, direct upon the chloride, precipitating 
metallic silver, which is immediately taken up by the mercury, 
according to the equation — 

2AgCl + Fe + mHg = FeCLj + Ag^nKg. 

Addition of salt greatly facilitates the reaction, principally, no 
doubt, on account of the solubility of silver chloride in NaCl 
solutions, which greatly increases the surface of attack from 
the particles of iron. 

Addition of copper sulphate is found to increase the yield of 
silver as well as the rapidity of amalgamation, but its mode of 
action has been hitherto greatly misunderstood. Following 
Hague,* it has been generally supposed that the iron acts by 
reducing CuCIj to CujClj, which salt acts upon silver sulphide, 
as in the Cazo, Fondon, and similar amalgamation processes.t 
When, however, we compare the relative amounts of silver con- 
tained in the ore and of copper sulphate added, we find, from an 
assay of the resulting bullion, that practically the whole of the 
added copper has reached the metallic condition and found its 
way into the amalgam. J 

The author's experiments, § moreover, prove that any copper 
in solution, whether as sulphate or chloride, commences to be 
precipitated by the large excess of iron as soon as added, and 
that, practically speaking, within fifteen minutes, or even less, 
it has all reached the condition of metallic copper, which floats 
about in the charge more or less amalgamated with mercury. 
Cuprous chloride, even if formed in small proportion by the 
secondary action of the first precipitated metallic copper upon 
cupric chloride, cannot exist as such more than a few minutes, 
for being dissolved in salt solution it comes in contact with the 

* Rep. U.S. Oeol. Survey of the ^Oth parallel, vol. xiii., pp. 275-293. 

+ See Egleston, op. oit., p. 386 ; Eissler, op. cit., p. 144. 

t Some experiments by Stetefeldt {Trans. A.I.M.E., vol. xiii., p. 69) 
appear to contradict this, but they only prove that the addition of zinc 
results in keeping the reduced copper out of the amalgam, and not that the 
copper sulphate added was not reduced to metal, which would be incredible. 

§ See a recent paper presented to the Inst of Min. and Metallurgy and 
published in their Transactions, vol. vii. 
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excess of metallic iron and is rapidly precipitated as metal, so 
that its opportunities of acting upon AgjS must be extremely 
limited. 

Furthermore, these experiments prove tliat, as compared with 
iron, metallic copper has a far more active effect upon AgjS, as 
well as upon AgOl, which fact explains the increased yield of 
most ores when bluestone is employed in the pans. 

Copper sulphate has the further property of driving out lead 
which has become amalgamated with mercury, as well as to a 
great extent keeping that metal out of the amalgam. In the 
latter case, it is in all probability first precipitated as meta'lic 
copper, which becomes amalgamated and prevents the mercury 
from taking up lead, just as the addition of zinc will prevent it 
from taking up copper. When, however, with lead-yielding 
ores (owing to insufficient addition of bluestone) a plumbiferous 
amalgam has been obtained, it may be, to a considerable extent, 
cleaned by digestion with a strong solution of copper sulphate, 
which, under these circumstances, acts directly upon the lead 
amalgam, forming lead sulphate. 

When, therefore, bluestone is added to the pan, in addition to 
the reaction of iron direct upon silver chloride (an equation for 
which has been already given) the following reactions take 

CUSO4 + 2NaCl = CuClo + Na„S04 
CuCl, + Fe = FeClj + Cu' 

2AgCl + Cu + Hg = CuCl„ + Ag^Hg 

and to a small extent 

AgaS + Cu + Hg = CuS + AgjHg. 
The CuS, under the combined action of water, air, and heat, is 
rapidly oxidised to CuSO^, which then becomes available for 
reaction upon a fresh lot of silver compounds. When there is 
no more AgCl present to react upon, practically the whole of the 
copper remains precipitated and amalgamated with the mercury. 

A consideration of the radical difference between the reactions 
in the patio and in the pan (hitherto lost sight of) enables us to 
understand the rooted aversion which skilled patio and fondo 
amalgamators have to the use of iron pans — an aversion, however, 
be it noted, which was founded originally on the debasing effect 
of iron upon the bullion and on the largely increased cost for 
bluestone, and only in a secondary degree owing to the small and 
indefinite lowering of the percentage of extraction which the use 
of iron undoubtedly does bring about. 

In the Patio and Fondo processes the principal reagents 
(besides mercury) are CuOlg and CU2OI2. In the pan process 
(using the same quantities of bluestone and salt) the principal 
reagent, besides the iron itself, is precipitated metallic copper, 
which not only enters the amalgam* and lowers the grade of 
* Except in the case of oxidised manganiferous ores. 
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bullion produced, but is also much less active in decomposing 
complex sulphides than the chlorides are. On account of this 
difference, in the case of an ore in which the silver exists chiefly 
as sulphide, the tailings would be higher when worked by the 
pan than by the fondon, other conditions being equal. ' 

Water Supply and H.P. Required. — Fig. 37 is a section showing 
the general arrangement of an ordinary Washoe mill. The 
number of pans required for a battery of ten stamps may be from 
four to eight, according to the hardness of the ore and the con- 
sequent output from the stamps. Usually six pans (and three 
settlers) are provided for the ten stamps, though on the Comstock 
and in some large mills elsewhere one pan for each two stamps is 
found to be an ample allowance. 

A large quantity of water is required in a silver mill, less, 
however, being necessary with quartzose than with argillaceous 
ores. The following may be taken as the average : — For each 
stamp, 60 imperial gallons per hour ; each pan, 96 gallons per 
hour; each settler, 54 gallons perhourj and each boiler, 6 gallons 
per H.P. per hour. 

The skeleton specification of a twenty-stamp mill for the 
H.P. and water required is given in the following table, it 
being understood that the H.P. varies according to the amount 
of grinding done in the pans : — 



Specification. 


H.P. required. 


Water required 
per hour. 


1 Blake crusher, 10 x 7 inches, . 
4 Ore-feeders (Challenge), . 
20 Stamps, 900 lbs., 90 drops S inches, 
12 Pans, 5 feet diameter, 
6 Settlers, 8 feet diameter, . 
Friction, say. 
Boilers, .... 




6 

.33 

24-50 

18 

13 


Galls. 

1200 

1152 

324 

507-520 






94-130 


3180-3396 



It is usual to allow about 50 per cent, excess on the H.P. 
above shown. 

If water be scarce the whole of the tailings stream escaping 
from the mill is run into a large tailings reservoir, and the 
water pumped back and used over again. In this case the loss 
by evaporation and leakage will amount to about 25 per cent. 

Such a mill will treat from 35 to 45 tons of 2i40 lbs. per day 
of twenty-four hours, according to the nature of the ore. Per 
ton of ore treated the H.P. required will be from 2^ to 3, and 
the water required from 1800 to 2100 imperial gallons, or, say, 
from eight to nine times the weight of the ore. 
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TABLE v.— 







as 




n . 








." c3 








'gn-S ■ 


^"2 








St, c; 


ifl d 








•2 ^'> 


a > 








■^■^ ^ 


53 « 


n © 






6>^ 


S^ 


s« 


References 


1. 


2. 


3. 


Crushing — 




Wet. 


Wet. 


Dry. 


Number of stamps 




80 


56 


15 


Weight per stamp, .... 


lbs.l 






850 


Drops per minute, .... 




95 




63 


Mesh of screen, 


, 








Duty per stamp, 


tons, 


4 




i'i 


Amalgamation — 










Number of pans, 


, 


40 


26 


8 


Revolutions per minute, 




90 


88 


60 


Weight of pan-charge, .... 


lbs.'. 


3600 




1500 


Hours charge in pan 




5 






8 


Salt used per ton, .... 


lbs.', 


6i to 13 






20 to 25 


Bluestone used per ton. 


,, 


2 to 4 






4 to 6 


Loss of mercury per ton. 


,, 


2to2i 






14 


Other chemicals per ton. 












Ore treated per day, .... 


tons, 








18 


Ozs. per ton — gold 












,, ,, silver, .... 










100 + 


Percentage of extraction — gold, . 












,, ,, silver. 










90 


Fineness of bullion (bars), . 




937 


994 


920 + 


Value of tailings per ton. 








$16 


Cost per ton — 










Labour and superintendence. 






£0 7 2 


£0 17 10 


Fuel, 






1 2 


11 1 


Oil and light, 






14 




Mercury, 






6 6^ 


"s 4 


Chemicals 






1 5 


8 1 


Castings and repairs, .... 






5 5 


4 7i 


Sundry expenses, 

Total cost per ton. 






2 


114 




£1 3 10 


£2 10 11 



Eefirences.—^. Egleston, Met. Silver, p. 427. 3. Eissler, Met. Silver, p. 163. 4. Roth- 
well, Trmis. A.I.M.E., vol. viii., p. 558. 5. Church, Trans. A.I.M.E., vol. xv., p. 603. 
6. Anderson, E. and M. J., 15th Feb., 1896. 7. Report for 1894. 8. Lindgren, Trans. 
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HaiTisburg 
District, 
Utah, 1878. 

1 


Charleston Mills, 
Tombstone, 
Arizona, ]884. 


Sheridan Mill, 
Mogolloii Mts., 
New Mexico, 
1S93. 




GarflelJ Mill, 
Calico, 
California, ISSO. 


GlosterMill, 
Montana, ISOO. 


m 

s = = 


5 0-3 

— 3 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


Wet. 


Wet. 


Wet. 


Wet. 


Boss. 


Boss. 


Wet. 


Boss. 


10 


20 


15 


30 


15 


60 


10 


30 


750 


750 
95 


1100 

85 




850 


850 




1050 


40 


30 to 40 


■25 








40 




n 


24 to 3 


2-2 


44 


2-2 


2-4 


2-61 


2-89 


12 




6 




8 




















65 






65 




3060 


2700 


2060 














... 


4 


4 toO 

5i 


6 






8 to 15 






50 


4iA 


none 


li 








1 tol4 






2H2SO4 
4 KCy. 


19 lbs. 


60 


55 


32 






33 






26 


86 -7 




0-21 




1U4 














33-4 


17-5 


1003 








22-67 


32-64 




51 '8 




70-1 














77-4 


69-8 


90-4 


80 to 90 






47 -5 


87'7 


950 + 


835 
9 ozs. 


5i ozs. 


$7 


850 






800 + 


4 ozs. 


£0 12 14 


£0 8 7 


£0 8 8 


£0 7 4 




£0 4 9 


£0 10 9 




5 2 


4 44 


3 10 


3 74 




1 4 


9f 






34 




14 




5i 




"2 5 


U -2 .'H 


"3 3 


3 64 




94' :^ 04 




2 11 


1 54 


3 


2 04 




6 1 1 28 




2 9 


1 44 


}o 2 34 


fo 1 34 

to 3 10 




114^ 1 7i 




1 14 


8" 
£0 19 04 






1 34 




£1 6 G 


£1 1 04 


£1 1 94 




£0 8 4 


£0 18 2 





A.I.M.E., vol. XV., p. 733. 9. E. and M. J., 6th Oct., 1890. 10. Goodale & Akers, 
Tirina. A.I.M.E., vol. xviii., p. 249. This is a combination mill 11. Private comimmi- 
cation, M. P. Boss, May, 1896. 
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The cost of such a mill will vary from £400 to £600 per 
stamp erected ready for work, according to the locality, the 
smaller mills costing much more in proportion than the larger 
ones. 

Cost of Working.— Table V. gives the cost of working, together 
with other comparative data, at several wet crushing silver mills 
in different parts of the world. It should be remembered that 
the cost of general superintendence and management is not 
included, and this is a very important addition to the apparent 
cost in a small mill. The ton to which all the figures refer is 
the American short ton of 2000 lbs. 

The Boss Process. — The ordinary Washoe process is inter- 
mittent, inasmuch as the ore has to be collected in tanks or 
hoppers, and is only charged into the pans at intervals, but of 
late years a continuous process has been worked out by M. P. 
Boss, in which the pulp from the stamps runs direct through a 
row of pans and settlers and is discharged at the other end of the 
series as fast as it enters. 

Plant Employed. — The particular form of pan used has been 
already shown in Fig. 28. The pans are covered, and each is 
provided with two overflow connections of 4-inch pipe, the top 
of which is an inch below the rim of the pan ; the settlers have 
similar connections, but are not otherwise in any way peculiar. 

Fig. 38 shows the general arrangement of the older form of 
plant in which the pans and settlers were on different levels. 
In this, A is the pipe bringing the supply of pulp direct from the 
battery or from the hydraulic separators, as may be preferred, 
which passes through the "chemical mixer" into the first two 
pans of the series. At B B are shown the overflows from one 
pan to another, made of 4-inch pipe, and at C C the similar 
overflows between the settlers ; G G are the overflows from the 
last two pans, and D the pipe which takes the comVjined over- 
flow into the first settler. E E are steam syphons which enable 
pulp to be transferred from one settler to the next but one. in 
case it is necessary to throw out the intermediate one for repairs 
or clean up, and F is a similar syphon for throwing out one or 
more of the pans in the same way. 

The chemicals, salt and bluestone, are fed into the pulp auto- 
matically at A by means of a small bucket-wheel feeder worked 
by a bell-crank and wire from a separate auxiliary shaft. The 
mercury, which overflows from the "quicksilver cups" attached 
to the bottom of each pan at H, is carried by a pipe to the 
straining box, I, after passing through which it is raised by a 
pump like that already figured. From the storage tank it 
descends to the feeding-cups, J, between each pair of pans, from 
which it is fed automatically as required. 

As a rule, in this system the first two pans only are grinding 
pans, and frequently the pulp from the stamps is passed through 
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separators so arranged that only the coarse sand passes to the 
grinding pans, the slimes (together with the chemicals) entering 
No. 3 of the series. 
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A much better arrangement, employed in all the newer Boss 
mills, is the provision of separate flat-bottomed pans smaller 
than the regular amalgamating pans, running at a higher speed 
and constructed without a steam-bottom, whereby greater surface 
is secured for grinding. The pan is only 4 feet in diameter, and 
is provided with a muller in the form of a complete ring slotted 
only for a short distance from the inner edge, as is also the ring- 
die, so as better to admit the pulp between them. As a rule, 
one or two of these special grinding pans are provided for each 
five stamps, according to the degree of fineness to which the ore 
must be reduced. 

One-level System. — In the newer modified plant (called the 
Boss one-level system) all the pans and settlers are arranged on 
a level and the pulp simply flows from one to the other through 
the entire series. Fig. 39 shows such a " one-level " plant in 
which the pulp from the stamps. A, passes through an upper 
row of special grinding pans, B, before reaching the amalgama- 
ting pans, 0, which are only ten in number for thirty stamps. 
In a line with these are the settlers, T>, the tailings of which go 
to Frue vanners, E, to save heavy sulphides. 

One great advantage of this system is that it admits of the 
employment of a single main line-shaft with friction clutch gear 
immediately under each pan and settler, so that each machine is 
driven directly off the shaft without the intervention of counter- 
shafts and belts, enabling any individual pan or settler to be 
stopped and restarted in the easiest possible way. 

To this latest variety of the continuous process belongs the 
Garfield Mill at Calico (Cal.) with fifteen stamps, the pulp from 
which passes through a series of eight 5-feet pans running at 
65 revolutions, and three 8-feet settlers at 20 revolutions per 
minute. In the first pan the ore is ground, in the second and 
third mercury is added, and in the latter the chemicals — viz., 
8 to 15 lbs. of salt and 1 to 1^ lbs. of bluestone per ton. In the 
fifth pan a little lime is added to clean the mercury. 

In the Boss system the quicksilver-carrying amalgam, which 
gradually reaches the bottom of every pan and settler and accu- 
mulates in the bowls, can be drawn off at pleasure from any of 
them by pulling out a plug, when it runs along an iron pipe to 
a central receiving tank. From here it is drawn at will into 
the strainers and the strained quicksilver is raised by a small 
chain belt elevator running in a sheet-iron housing to a storage 
tank, from which diverges a system of pipes supplying each pan. 

In all the more recent Boss plants the chemicals are added, 
not to one of the pans of the amalgamating series, but in a 
separate "chemical mixer," which is installed between the special 
grinding and the ordinary amalgamating pans. This mixer may 
take the form either of a large settler made entirely of wood 
with wooden shoes and steam-bottom, or of a barrel, like that 
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shown in Pig. 14. The former are more common in the U.S., 
the latter in Mexico. 

Another feature of modern Boss plants, especially those 
treating somewhat refractory ores, is the increase in the pro- 
portion of special pans used for grinding, which relieves the 
stamps by permitting the employment of a coarser mesh and 
so enables them to be run with a smaller supply of water per 
ton and to deliver a thicker pulp. Thus while the plant shown 
in Fig. 39 has only six grinding pans for thirty stamps, the new 
mill at Pachuca contains twelve grinding pans for the same 
number of stamps. 

The Boss System at Pachuca. — The ores of Pachuca are refrac- 
tory, consisting mainly of argentite, fahlerz, pyrargyrite, and 
stephanite, with blende and other base-metal sulphides finely 
disseminated through a gangue, chiefly formed of quartz and 
hornstone. 

The new mill at the Hacienda de San Francisco * has thirty 
stamps of 1050 lbs. weight each, from which the pulp passes to 
twelve special grinding pans making 200 revolutions per minute 
and thence to a steam-jacketed wooden barrel 8 ft. long x 6 ft. 
in diameter, similar to that shown in Fig. 14, which holds 6 or 
7 ton charges and revolves ten times a minute. In this barrel 
the pulp and chemicals get thoroughly mixed during the hour 
or so that they take to pass through, and the percentage of 
extraction is in this way raised by an additional 5 or 6 per cent. 
The consumption of chemicals required to give good results on 
these very refractory ores is exceptionally heavy, averaging 
44 lbs. of salt and 19 lbs. bluestone per ton. From the barrel 
the pulp passes through a series of fifteen continuous pans and 
three continuous settlers. Some further data with regard to the 
work at this mill are given in Table V. 

Most of the modern pan mills built in Mexico are on the 
Boss system, including the new mills of the El Bote (Zacatecas) 
and Atinas Prietas (Sonora) Companies. 

Comparison of the Boss with the Ordinary Process. — The advan- 
tages of the Boss system are the following : — 

(1) Doing away with double handling of sand from settling 
tanks into the pans, and also with the tanks themselves, which 
leads to considerable saving in mill buildings owing to the 
smaller area and fall required. 

(2) Doing away with tlie slime-loss by passing the whole of 
the battery pulp through the pans. 

(3) Saving of labour through automatic straining of mercury 
and feeding of chemicals. 

(4) Facility afforded for taking accurate tailings samples. 

(5) Less loss of mercury, as the thinner pulp permits of better 
separation. 

* Private communication, M. P. Boss, May, 1896. 
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(6) Saving of fuel, since the pulp is exclusively heated with 
exhaust steam. 

The only disadvantages are : — 

(1) Less perfect contact of flaky and finely-comminuted por- 
tions of the ore with mercury, owing to the thinner pulp which 
is unable to carry quite so many globules of mercury in sus- 
pension. 

(2) Less facility for varying the treatment of the coarse and 
fine particles of the ore-pulp— e.^., by giving the slimes more 
time or more chemicals. 

The advantages, however, will in most cases far outweigh the 
disadvantages, and the latter can be minimised by the use of a 
rotating barrel between the stamps and the pans, or by the 
use of two barrels, one for sand and one for slimes. 



CHAPTER VI. 



ROAST AMALGAMATION PROCESSES IN PANS 
AND BARRELS. 

Attention has been already called to tlie fact that complex 
sulphide ores of silver, especially the sulphantimonides and 
sulpharsenides, cannot be treated in pans without previous 
roasting. Simple roasting is frequently sufficient to bring the 
silver into an amalgamable condition, but the common practice 
is to roast with salt, by which means the silver in the roasted 
ore is amalgamated much more perfectly, though at the cost of a 
somewhat heavy volatilisation loss, varying from 2 to 20 per 
cent., but which, not being easily determined, is frequently 
ignored altogether. So widespread is this ignorance, even 
among practical millmen, that some writers absolutely deny the 
existence of any volatilisation loss of silver in roasting, Eissler,* 
for example, denying that there is any loss in roasting in the 
Stetefeldt furnace. Crude experiments are often quoted as 
proving this fact, but in reality they merely prove how bad was 
the sampling. The matter is discussed in detail in Chapter IX., 
where also descriptions will be found of the appliances used in 
chloridising roasting. 

Drying. — Ores before being roasted must be crushed dry, and 
in order to permit of this being done they must be thoroughly 
dried as a preliminary, even 1 per cent, of moisture being very 
detrimental and greatly reducing the capacity of the battery. 

* Metallurgy of Silver, 2nd ed., 1891, pp. 161 and 184. 
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Formerly, long drying floors, composed of iron plates resting on 
flues and heated by the waste gasea from the roasting furnaces, 
supplemented by separate fireplaces, were employed ; but as 
these exercised a bad influence on the health of the workmen, 
besides being costly and inefiicient, they have been generally 
replaced by revolving dryers or by shelf-drying kilns. 

The revolving dryer is a simple wrought^iron. cylinder, from 18 
to 20 feet long by 3 feet in diameter at the upper and 4 feet at 
the lower end ; it is generally similar to the Oxland and 
Hocking * and Howell f roasting furnaces, but without the brick 
lining, and is set with its axis horizontal. The capacity of such 
a dryer is from 30 to 40 tons per day ; any automatic feeder may 
be used with it. Revolving dryers are in use at the Marsac 
Mill, fired with gas from a Taylor "producer" burning coal. The 
consumption of coal is 86 '63 lbs. per ton of ore, which is 43 per 
cent., or about one-fifth more than the consumption of the shelf- 
dryer described below. Revolving gas-fired dryers are also in 
use at the works of the Huanchaca Co. (Bol.), at the Granite 
Mountain Mill (Mont.), at the Ontario (Utah), and many others. 

The Stetefeldt shMf-dryer X resembles in principle the Hasenclever 
roasting furnace, and is shown in transverse section in Fig. 40. 
Figs. 41 and 42 show in section and in plan respectively one-half 
of a double kiln of this pattern, and Fig. 43 shows a detail of the 
•shelves, which are of cast-iron as the heat is never allowed to 
rise so high as to warp them. With this object also the kiln is 
not fired direct from the bottom, but the gases from the fireplaces, 
P, rise and enter the kiln at G, just below the top row of shelves, 
which is thus protected from the heat by the layer of cold wet 
ore upon it. The inclined shelves rest upon each other, leaving 
openings through which the ore can slide. The thickness of the 
layer of ore upon the shelves is regulated by the width of these 
slits and by the inclination of the shelves, which, in practice, are 
adjusted as nearly as possible to the natural slope of the material, 
on the average about 37°. The zig-zag column of ore remains 
stationary until a portion of roasted charge is removed from the 
bottom shelf, when the whole column moves down to supply its 
place, and the top shelf is automatically charged again by means 
of a hopper set above. 

This form of dryer is in use at the Lexington Mill (Mont.), 
where there are two double dryers for ore, having a daily 
capacity of 25 tons of ore each, with a consumption of 1 cord of 
wood ; and one single dryer for salt, with a daily capacity of 6 
to 8 tons, consuming \ cord of wood. These dryers are also in 
use at the Holden§ Mill (Aspen, Colo.), where they are fired by 

* See Part 1. , Chap. vi. 

t See Part ii. , Chap. ix. , where figure and full description are given. 

t Trans. A.I.M.E., vol. xii., p. 95. 

i Morse, Tran-s. A.I.M.M^vol. xxi., p. 920. 
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Figs. 40 to 43.— Stetefeldt Shelf -dryer. 
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Taylor gas-producers burning coal. But little heat is wasted, 
the perfectly dry ore being discharged at a temperature of 130° F. 
Four double dryers at this mill, from Nov. 10, 1891, to Jan. 1, 
1893, dried on an average 82 tons of ore per day containing 6'1 
per cent, moisture, besides 9J tons of salt containing about 1 per 
cent, moisture. TJie average quantity of fuel used in this work 
was 3-3 tons of coal per day (or about 3| per cent, by weight), 
costing 13s. Id. per ton, so that the cost of fuel per ton dried 
was only about 5Jd. 

The advantages claimed for the Stetefeldt dryer over all 
others are: — (1) Durability; (2) economy of fuel; and (3) 
absence of dust. 

Crushing Preparatory to Roasting. — Dry crushing by 
means of stamps has been already referred to in the last chapter, 
and for very fine crushing it is probably the best method. It is 
quite the common practice in amalgamation mills, especially in 
the U.S., where it is almost universal, and with some ores fine 
crushing is undoubtedly essential. With most ores, however, 
the process of roasting so opens up the pores and cleavage planes, 
besides breaking up the particles through decrepitation, that in 
a majority of cases ores to be roasted can be lett comparatively 
coarse (say, a 16 or 20 mesh instead of a 30 or 40), and in this 
field many other machines can effectively compete with stamps. 
The use of Chilian mills and rolls has been referred to in Chap- 
ter III., and hull grinding mills in Chapter IV. One advantage 
that these machines have over stamps for grinding through a 
coarse mesh is that artificial drying, so absolutely indispensable 
as a preliminary to dry stamping, is much less essential ; in fact, 
with rolls it is not required unless the ore is composed largely 
of actual wet clayey matter. 

Rolls of the Krom pattern have been successfully used at the 
Bertrand and Mt. Cory mills (Nev.) and elsewhere ; for descrip- 
tions of these machines and of the work done by them the 
student is referred to the volume on the Metallurgy of Gold 
in this series.* The capacity of two sets of Krom rolls 
following a stonebreaker set fine, on a moderately soft ore, 
has been proved to be as much as 100 tons in twenty-four 
hours throno;h a 16 mesh screen, or equal to a 30 stamp mill. 
It is not likely that rolls will ever be able to compete with 
stamps for wet crushing before raw amalgamation, as with 
them it is difficult to crush sufficiently fine ; but for dry 
crushing as a preliminary to roasting when a 16 or 20 mesh is 
sufficiently fine their small first cost and enormously greater 
discharge gives them an advantage. In many localities where 

* See also Curtis on "Gold Quartz Reduction,'' Proc. Inst. Civ. Eng., 
vol. cviii. and Plate ,3; Stetefeldt, Trwns. A.I.M.E., vol. xiii., pp. 109- 
113 ; Egleston, Metallurgy of Gold, Silver, and Mercury in the U.S., vol. i., 
pp. 210-225. 
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freight is heavy and timber for framework expensive (as, for 
example, in many parts of Mexico and S. America) they can 
replace stamps very advantageously. 

Chilian Mills. — Rolls answer so well for crushing before roast- 
ing that it is often assumed that no other machine can do the 
work equally well. So far as the author is aware only one form 
of machine can compete with rolls for this work, and it is the 
modified Chilian mill used by the Broken Hill Proprietary Co. 
(N.S.W.). The ore treated is a very hard siliceous ironstone 
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Fig. 44.— Chilian Mill. 



gozzan, which has to be crushed through a -^slot mesh as a pre- 
liminary to roasting in revolving furnaces. The crushing plant 
consists of two No. 3 Gates crushers provided with manganese 
steel cone-sleeves on cast-iron centre, from which the crushed 
material passes to four Chilian mills of the type shown in Fig. 44. 
The annular die which forms the bed for the runners to roll 
upon is 52 inches outside and 30 inches inside diameter and 
4 inches thick ; it lasts, by turning over, for four to six months, 
or during the crushing of 5000 to 6000 tons of ore. The rollers. 
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3 feet 6 inches diameter and 8 inches face, are made of cast iron 
with thick steel tyres. 

The crushed ore falls into hoppers, from which it is fed by- 
self-feeders into an annular revolving hopper on the shaft pro- 
vided with two spouts which deliver the ore immediately in 
front of the runners, while scrapers attached to the frame, so as 
to follow the runners, remove the crushed material at once. 
The mills are set so as to make 60 revolutions per minute, 
corresponding to a peripheral speed of the runners on the bed 
of 650 feet per minute or about equal to that of the modern 
high-speed rolls. From the mills the crushed material is carried 
on a belt conveyor to the elevator hutch, raised by means of an 
elevator with sixty-three buckets, 9-inch face and 6 inches deep, 
fixed to a rubber belt, and distributed to a plant of four trom- 
mels, 6 feet long and 3 feet in diameter, run at about 25 or 30 
revolutions per minute, the screens being punched sheet iron 
with diagonal slots | in. x ^ in. The screened ore is deposited 
upon a belt conveyor and thence raised by another elevator to 
the hopper bins of the roasting plant, while the screenings are 
returned to the Chilian mills. The capacity of the whole plant 
is 180 tons per day ; that of each machine is, therefore, 45 tons 
in twenty-four hours. 

Chloridising. — -A chloridising roasting may be carried out 
in any of the appliances described in detail in Chapter IX. 
Formerly, it was considered essential to convert as much as 
possible of the silver into chloride, and, according to Egleston,* 
"the whole art of chloruration consists in putting in the salt at 
the proper time, while there is yet some sulphur in the ore." 
The percentage of " chloridisation " (or " chlorination ") is deter- 
mined by the so-called " chlorination assay," which is performed 
by taking a sample of the ore, weighing two equal quantities, 
scorifying and cupelling one direct, and extracting the other 
with sodium hyposulphite solution till a few drops of the wash- 
water give no coloration with sodium sulphide, after which the 
residue is scorified and cupelled. Calling the weights of the 
two buttons a and b, the percentage of silver chloridised will be 

-, provided the amount of soluble salts is not too great. 

If it exceeds 5 per cent., allowance should be made for the 
decreased quantity of the tailings compared with the original 
ore. As a rule, with furnaces such as the Howell- White and 
the Stetefeldt, in which salt is introduced with the ore at the 
beginning, the percentage of chloridisation will be roughly in 
proportion to the thoroughness of the roasting, and therefore 
the above chlorination assay will always be a useful check on 
the work done at the furn>|ices. It is certain, however, that in 

* Op. cit. , p. 237. 
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many cases more silver can be amalgamated from the roasted 
ore than is indicated by the chlorination assay, and this mi^ht 
be naturally expected from a consideration of the fact that in 
a perfect dead-roast without salt all the silver present would be 
reduced to metal or converted into sulphate, both of which are 
readily amalgamable. This point has been already referred to 
in the discussion of the Tina process, and deserves more atten- 
tion from practical mill- men than it has hitherto received. 
There can be no doubt that with any type of furnace the vola- 
tilisation of silver is considerable when salt is added in roasting, 
and probably in many cases the saving effected by doing away 
with this source of loss, together with the saving of salt itself 
and the expense of crushing and drying it, would more than 
compensate for the slightly lower percentage of silver amal- 
gamated — especially on medium and low-grade ores of '25 to 
50 ozs. per ton. 

Amalgamation. — The subsequent treatment of the roasted 
and chloridised ores may take place in copper tinas (see Chap. V. ), 
in iron pans (Reese River process), or in barrels (Freiberg or 
European amalgamation). 

The Freiberg Barrel Process.— This, though now obsolete, is 
most interesting, because it foreshadows the modern pan process, 
the reactions in both processes being identical. A good descrip- 
tion of the process is given by Phillips,* to whose work the 
student is referred for details. Briefly, the ore, after crushing 
and mixing with 10 per cent, of salt, was roasted by iiand in 
single- hearth reverberatories, and then charged into revolving 
barrels in charges of about ^ ton each, together with water and 
from 80 to 100 lbs. of scrap iron. After revolving for some time 
the chloride of iron in the roasted ore was reduced to ferrous 
chloride, and the cupric chloride (in part, perhaps, transiently) 
into cuprous chloride, but chiefly direct to metallic copper, even 
before the whole of the iron salts had been reduced.! This 
finely-divided metallic copper acted upon the silver chloride dis- 
solved in the excess of sodium chloride present, precipitating 
metallic silver, while the large excess of metallic iron also pre- 
cipitated silver in the same way. After two hours' rotation the 
barrels were opened and 5 cwts. of mercury added to each, after 
which rotation was continued for sixteen to eighteen hours and 
the contents of the casks turned out into dolly-tubs for washing 
and separation of the amalgam, which was then strained and 
retorted. The retort silver obtained from the amalgam averaged, 
at Freiberg, about 800 fine, and the loss of mercury was about 
3 ozs. for every lb. of silver produced, which, as the ores aver- 
aged about 80 ozs., is equal to f lb. per ton of ore treated — a fair 
average loss with roasted ore in the pan process. The percentage 

* Ekmenl.1 of Metallurgy, 1874, pp. 635-641. 

t As shown by the author's experiments, see Trans. Inst. Min. and Met., 
vol vii. 
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of extraction is said to have averaged from 90 to 95 per cent, on 
the raw ore, which is certainly a wonderful return. The cost is 
said to have been about £2 per ton. 

In the United States the barrel process was tried for a 
time on the Oomstock and in Colorado, but in the first-named 
locality never got a fair trial,* as under American conditions 
quick processes of large capacity which turn out the maximum 
of product with a minimum of labour — to a considerable extent 
irrespective of losses of valuable material — have always been 
preferred to slow but more thorough processes of limited capa- 
city, which require to be spread over a greater area and demand 
more attention. It is quite probable, however, that had the 
same amount of attention and inventive skill which has been 
lavished on the pan, been devoted to improving the mechanical 
appliances of the barrel process, the latter would have shown 
itself capable of holding its own, especially for the richer ores. 
As compared with the pan process, it has the advantage of 
a much less expensive plant, which, moreover, can be renewed 
and repaired at very much less cost in those silver-mining dis- 
tricts where wood is plentiful and castings expensive. 

A good description of the long-abandoned barrel mill at 
Oeorgetown (Colo.) is given by Egleston,t from which it appears 
that the percentage of extraction was 87 to 93 per cent, and the 
loss of mercury 2^ to 6 lbs. per ton. The cost is stated at the 
extraordinary figure of $31 (over £6) per ton, of which roasting 
cost £4, but this was chiefly due to bad management and is no 
criterion of what the process ought to cost with large barrels 
and suitable arrangements. 

The Reese River Process In this process the roasted and 

chloridised ore is treated in iron pans exactly as in the Washoe 
process ; it is, in fact, merely the combination of chloridising 
roasting with Washoe amalgamation, which has given the prac- 
tice its distinctive name from the district where it originated. 

When the ores contain enough copper, as is frequently the 
case, no addition of bhiestone is required in the pan. With 
some ores, however, especially those which are almost free from 
copper and rich in lead or in manganese, it is necessary to add 
considerable quantities. Although much sodium chloride re- 
mains undecomposed in the roasting furnace, it is usual to add 
about 1 per cent, more to the pan charge. This is, however, 
merely a " rule of thumb " practice with millmen, as the roasted 
ore almost always contains an ample excess of salt for all the 
reactions. 

The results obtained differ in the following respects from those 
shown by pan amalgamation : — 

(1) The percentage of extraction on the roasted ore is much 

* Douglas, Joum. Soc. Arts, Aug. 19, 1895, p. 817. 
iOp. cit., pp. 334-.S48. 
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higher than that shown on the raw ore, running up to 85 or 90 
per cent. 

(2) The consumption of iron in the pans is usually greater, 
owing to the action upon it of the base metal chlorides formed 
during roasting. 

(3) The loss of quicksilver is, as a rule, higher with cupriferous 
and plumbiferous ores, often running up to 3 or 4 lbs. per ton of 
ore treated. It can, however, be much reduced by running the 
pans for some time iDefore adding the quicksilver. 

The general arrangement of a roast-amalgamation silver mill 
is shown in Fig. 45,* which represents a mill in which the ore is 




Fig. 45. — Roast-Amalgamation Silver Mill. 



dried in revolving dryers (not shown) and roasted in Howell- 
White cylinder roasters. The ore hoppers and dryers are in 
front of the plane of section. 

At the Lexington mill (Butte, Montana) the ore is crushed 
by a Blake stonebreaker and dried in a Stetefeldt kiln, the hot 
dry ore passing direct to the stamps, which are fifty in number, 
besides ten kept for stamping salt. The mortars have double 
discharge, and the screens are of brass wire, 24 inesh. Each 
stamp crushes 1-7 tons of ore per day ; the salt is crushed hot. 
like the ore, but only through a 20 mesh screen and with lighter 
stamps. The ore is mixed with 10 per cent, of salt, and roasted 

* From Messrs. Fraser & Chalmers' catalogue. 
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in Stetefeldt furnaces (see Chap. IX.) in charges of 40 tons in 
■each furnace, with a fuel consumption of about 10 cubic feet of 
wood per ton. The ore, as it leaves the furnace, is chloridised 
up to 80 per cent., which is increased to over 90 per cent, on the 
cooling floors, but the loss of silver by volatilisation is probably 
near 8 per cent., and that of gold at least 20 per cent. From the 
furnaces the hot ore is tipped on cooling floors, where the chlori- 
dising continues for thirty-six to forty-eight hours. There are 
twenty jians, each of which is charged with 3000 lbs. of ore, which 
is first ground for two hours, then 300 lbs. of quicksilver and 1 lb. 
of zinc are added, and the further manipulations are conducted 
precisely as in the Washoe process described in the last chapter. 
In this mill, owing to the comparative absence of lead from the 
ore treated and partly also to the use of zinc, the loss of quicksilver 
is very small and is said not to exceed 6 or 7 ozs. per ton of ore 
treated. The percentage of extraction (calculated on the roasted 
ore) is very high, averaging 93 per cent., but no account is taken 
of the loss by volatilisation ; the extraction of gold is only 60 
per cent. The tailings averaged in 1891, 2 ozs. of silver and 3 
•dwts. of gold per ton, practically all of which was in the sul- 
phides. 

A number of comparative data as to work done and cost in 
different mills employing the roast-amalgamation process in pans 
will be found in Table VI. 

Beactions in the Amalgamation of Chloridised Ores. — 
The reactions in the barrel have been sketched above, and those 
in the pan are no doubt identical, the conditions being prac- 
tically the same. Besides the reduction of FcgClg to FeClj by 
excess of iron, which is non-essential, we have : — 

1. 2AgCl + Fe = FeCla + 2Ag, 

and, simultaneously, 

„ f CuCL H- Fe = FeCl, -l- Cu 
'■■ \ 2AgCl + Cu = CuCfa 4- 2Ag. 

Both these reactions are facilitated by the excess of sodium 
chloride, which keeps a portion of the silver chloride always in 
solution ; the liberated metallic silver is taken up by the mer- 
cury, the loss of which is purely mechanical. 

Cost and Results. — In Chapter IX. the loss by volatilisation 
in chloridising roasting and the cost of the process are discussed 
in detail, and it there appears that the average loss may be put 
at not less than 8 per cent, of the total silver contents, while the 
cost will average at least 10s. per ton, or 4 ozs. of silver at 2s. 6d. 
per oz. In the case of a 50-oz. ore, therefore, the total cost of 
the chloridising roast is no less than 16 per cent., and, in the 
case of a 30-oz. ore, 22 per cen^. of the total value ; the extraction 
by roast amalgamation must, therefore, exceed by at least these 
amounts the extraction by ra\Vs amalgamation, in order to com- 
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pensate for the increased cost. The figures usually reijorted as 
regards extraction are calculated on the assay of the roasted ore, 
and, therefore, an average of 8 per cent, must be deducted from 
them in order to show the true percentage of extraction on the 
original ore treated. If, for instance, we take the figures of the 
Pcdmarejo and Lexington mills, in which the mean percentage of 
extraction is 90 per cent, (corresponding with 80 to 85 per cent, 
of the value of the raw ore), and then consider that the true 
cost (including loss) of the chloridising roast alone is 23 to 26 
per cent, of the total value of the ore, it will be obvious that raw 
amalgamation may only extract 65 per cent, of the true value of 
the raw ore and yet be as economical as, and more profitable 
on low grade ores than, the more complex Reese-River process. 
This is undoubtedly the reason why roast-amalgamation mills 
are becoming less common, few new ones being ei-ected, while 
several of the old ones have been converted into lixiviation mills 
or have given way to smelting processes. It is, however, pro- 
bable that many ores would yield about as large a percentage of 
their values after a quick plain roast as they now yield after an 
expensive chloridising roast with its attendant high loss ; this 
is a point deserving of investigation by careful experiments on 
a variety of ores 

The same progress of improvement which led to the rei)lacement 
of barrel amalgamation at Freiberg in 1857 is, with better trans- 
portation facilities, fast advancing over Western America, and 
it is a safe prophecy that in a few years roast-amal>;amation pro- 
cesses will become in the United States, as in Europe, things 
of the past, the combination of raw amalgamation with smelting, 
to be described in the next chapter as the Combination process, 
largely taking its place where raw smelting is not practicable. 
The conditions in S. America and Mexico are, however, 
different (especially on account of the scarcity of fuel and lack 
of transportation facilities in the Andean and Plateau districts), 
and it is probable that tina and patio amalgamation in their 
various forms may long continue to satisfy the prevailing 
conditions better than any other processes. 
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CHAPTER VII. 

TREATMENT OF TAILINGS AND THE CONCENTRATION 
OF SILVER ORES. 

Composition and Classification of Tailings. — The tailings 
from an amalgamation mill, in which the ore has been crushed 
wet, consist of two very different substances, known as hattery 
slimes or slums, and tailings. 

The former are the overflow from the settling tanks ; they 
contain a large proportion of those particles of the ore which 
were originally finely disseminated, as well as of those more 
brittle constituents which fly into fine powder under the stamp. 
As a rule, though not invariably, these battery slimes are richer 
than the original ore, because most of the silver minerals are 
brittle or very finely divided ; and their silver contents are 
often to a large extent amalgamable, though their clayey con- 
dition tends to coat the globules of mercury and so renders 
amalgamation both slow and imperfect. In the early days of 
milling on the Comstock these slimes were run away with the 
tailings ; now they are for the most part caught in reservoirs 
near the mills, and worked up, either in the same plant, or in 
"annexes" which do nothing else. Although much richer than 
the sand tailings they form lumps impenetrable to the action of 
water and mercury, and it is found preferable to mix with them 
a considerable quantity of sand, which assists in cutting up the 
lumps and allowing free access of chemicals and mercury to 
every particle of the charge. On the Comstock the battery 
slimes assay from 20 to 60 ozs., and tailings from 17 to 18 ozs., 
and they are invariably treated by pan amalgamation, using 
a larger quantity of chemicals than for ore-working. Costly 
experiments have been made in the direction of chloridising 
roasting, but the additional yield was never large enough to pay 
for the extra expense. A very large proportion of the finest 
battery slime (usually the richest part) can be recovered by 
running the slime water into reservoirs, from which it is pumped 
up and used instead of clear water both in the mortars and 
the pans.* This is, however, not practicable in the case of very 

*Goodale, Trans. A.I.M.E., vol. xviii., p. 250; Tatum, E. and M. J., 
Dec. 14, 1895. 
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clayey ores, as the fine clay soon accumulates in the water and 
renders it too thick for use. When the ore has been dry-crushed 
there are no battery slimes, although the total proportion of 
slime in the pulp is greater. 

The "tailings" from amalgamation mills consist partly of 
^and, which includes the larger particles of metallic sulphides 
as well as of waste which have escaped grinding, and partly of 
pan slimes, including all that part of the ore pulp which has 
become disintegrated in the pans, as well as the whole of the 
alimes in dry-crushing plants. These pan tailings, unlike the 
battery slimes, contain very little that is amalgamable, but, on 
the other hand, they contain large quantities of floured mercury 
and amalgam, a part of which is saved in the subsequent treat- 
ment by amalgamation. 

Treatment of Tailings by Amalgamation.— The Comstock 
practice * may be taken as typical. Very large special " tailings 
pans," 9 to 10 feet in diameter by 6 feet deep, and holding 
charges of 6 to 10 tons at a time, were tried in some of the 
tailings mills, but it was found that thej' gave a lower yield 
with higher loss of quicksilver, to say nothing of greater cost 
for power and repairs ; so that they were soon thrown out and 
combination pans with wooden sides (Fig. 29) 5 feet 6 inches in 
•diameter reverted to. For treating slimes, strips of wood were 
nailed on to the interior of the pan vertically, so as to present 
a corrugated surface to the pulp-currents, which assisted mate- 
rially in breaking up lumps of slime. The slimes, collected in 
" tailings dams," were spread out over as large an area as pos- 
sible in order to disintegrate the lumps by drying, and it was 
found that the increased porosity thus secured had an important 
■effect on the yield. 

At the Lyon mill the pan-charge was 3 tons (6000 lbs.) of sand 
tailings, or 1^ tons (3000 lbs.) of slimes, which take more water 
to give the same consistency of pulp. The amount of chemicals 
used was 10 lbs. of copper sulphate per ton for sand, and 20 lbs. 
per ton for slimes ; the salt used in each case being from two to 
two and a-half times the weight of bluestone, or, say, 2.") lbs. of 
salt for sand and 50 lbs. for slimes. Careful experiments on 
a large scale at the Lyon mill proved that it was not safe to use 
less salt, and that a larger quantity gave no increased yield. 
Elaborate experiments on 19,000 tons of sand and 2000 tons of 
slimes showed that the best results were given by running the 
pulp so thick that it would drop slowly from a stick dipped into 
it, instead of running o£F in a stream. f The quantity of quick- 
silver used was, at Janin's mill, 200 lbs. to the ton ; at the Lyon 
mill, 50 lbs. to the ton of material treated, whether sand or 

* Hodges, Trans. A.I.M.E., vol. xix., p. 195. 
+ See table quoted by Hodges, loc. cit. , p. 229. 
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slimes. The method of operating was as follows :— While the 
pans were being charged boiler steam was turned on until the 
temperature reached 120° to 150° F., and as soon as the charge 
was all in the required amount of salt was added. After running 
for half an hour (without grinding) the copper sulphate was 
added, and then the running was continued without quick- 
silver for I hour {Lyon) to IJ hours (Janin) in order to allow 
the reactions to take place. Frequently (more especially with 
slimes) it was found advantageous to add a pint or so of 
dilute sulphuric acid to the pan charge to assist the reactions, 
and this was also found to keep down the loss of mercury 
when it showed a tendency to rise. The action upon the clay 
of the slimes may have been chemical or mechanical — probably 
both- — but it was effectual. The quicksilver was then added, 
and the pans run for the remainder of the four hours allowed 
for each charge before turning it into the settler. A special 
feature in the Lyon mill was the provision of one 8-foot settler 
to each pan, whereby the pulp could separate out during four 
hours, instead of during two only, as in the common practice, 
and a large part of the floured mercury became re-united. So 
successful was this slow settling that the loss of mercury was 
reduced to only 8 ozs. pei- ton for sand and 12 ozs. to 1 lb. for 
slime, in spite of the fact that the slimes and tailings treated 
had been previously freed from mercury and amalgam ; whereas 
at the Janin mill losses of as high as 5 lbs. per ton were ex- 
perienced, and from 3 to 4 lbs. was the average at all the tailings 
mills — except those treating blanket concentrates exclusively, 
which often gained mercury. 

The amalgam yielded, after retorting, a bullion of only about 
150 fine from sand and 200 to 250 fine from the richer slimes, 
the impurity being chiefly copper, and it was found that when- 
ever the bullion rose above this standard of fineness the per- 
centage of extraction fell below 60 per cent., which was about 
the average. The retorting and refining of this base bullion is 
described in Chapter VIII. A bye-product of the refining was 
copper sulphate, which was thus regenerated for use over and 
over again with a comparatively small loss. 

As in all amalgamation processes, cleanliness of the mercury 
was found to be a most important feature, and frequent small 
additions of sodium or of KCy, together with repeated spongings 
of the mercury bath, were found necessary. The Lyon mill 
enjoyed the advantage of water power, and the cost of amal- 
gamating all kinds of tailings was by suitable arrangements 
brought very low. The following figures are given by Hodges* 
as the average cost per ton of treating 46,500 tons in 1876 : — 

* Loc. cit., p. 231. 
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Superintendence, assaying, legal and general expenses, 

taxes, insurance, freight, and sundries, . 
Collecting, spreading, and drying tailings, . 

Labour, 113 shifts, at 14s. 3d. per shift, . 
Quicksilver, 45 lb. „ 2s. ejd. per lb. , . 
Salt, 23-7 lbs. ,, 4s. 2|d. per lOOlbs., 
Bluestone, 12-.S „ „ 2d. per lb.. 
Castings, 3-1 ,, „ 34d. per lb., 
Fuel, -0276 cord „ 26s. Id. per cord, . 
Sundry supplies, 



10 SJ 

These figures compare very well with those of the best managed 
ore mills, even if we add the cost of crushing by stamps, which 
would not be much more than that of collecting and drying 
tailings. The comparatively small consumption of pan castings 
is particularly to be noted in connection with the large quantity 
of bluestone employed, and is to be accounted for by the complete 
absence of all grinding, so that the loss was in this case almost 
entirely chemical. Comparing the chemical equivalents we find 
that 1 lb. of cast iron (supposed 95 per cent. Fe) should com- 
pletely precipitate the copper of 423 lbs. pure copper sulphate 
(CuSU^, 5Aq), so that the consumption of iron was very little 
more than that required by theory to precipitate the copper.* 

The average percentages of extraction were : — On sand tailings 
containing a value of 15s. 3d. in silver and 4s. 8^d. in gold, 
76 per cent, of the silver and 25 per cent, of the gold, or a 
total value of 12s. 9d. per ton; on slimes containing a value of 
£2 14s. 2d. in silver and 9s. 5^d. in gold, 86 per cent, of the 
silver and 42 per cent, of the gold, or a total value of £2 lis. 5d. 
per ton, out of £3 3s. 7Jd. in all. 

Such satisfactory results being obtained from the treatment 
of this comparatively poor material, it may be asked why the 
slimes and tailings were not more thoroughly treated and their 
values extracted, at the mills which originally treated the ore. 
Some of the reasons are the following : — 

(1) The capacity of the ore mills was almost always behind 
the output of the mines, and with the shareholders urging a 
large bullion output the mills could not waste time in working 
over tailings or in treating the ore more thoroughly. 

(2) In their unaltered condition, as discharged from the tailings 
sluices of the mills, the sulphides in the slimes and tailings yielded 
only a small percentage of their value on re-amalgamation ; 

* Attention has been already drawn to the fact that all the copper added 
in the form of bluestone is very soon reduced to the metallic condition and 
ultimately enters the bullion. 
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whereas in their gradual passage down the valleys they under- 
went partial oxidation, as well as other chemical and physical 
•changes, which rendered them more amenable to treatment. 

(3) All the water power available in the upper part of the 
valleys was fully utilised for crushing ore, and only in the lower 
reaches could water power be acquired cheaply for working 
-tailings. 

Treatment of Tailings by Lixiviation. — The earlier attempts 
to work tailings by the Kiss process were unsuccessful, but since 
about 1884 at BuUionville (Nev.), at the Ontario (Utah), Blue 
Bird and Bimetallic (Montana), and other places, the Russell 
process has been used successfully. At Broken Hill a modifi- 
cation of the Patera process gives very satisfactory results on 
lead carbonate tailings after roasting. For details of the work 
•done and results obtained Chapters XI. and XII. should be 
consulted. 

Treatment by Partial Concentration. — Attention has been 
already called to the fact that a large part of the values in amal- 
gamation tailings exist as "sulphides" — i.e., not only in the 
form of complex sulphantimonides and sulpharsenides, but also 
in argentiferous galena, blende, mispickel, chalcopyrite, and other 
minerals. In almost every case where amalgamation methods 
are employed for treating ores of the precious metals, they are 
advantageously sup()lemented by more or less perfect attempts 
at dressing the tailings ; so as to separate the heavy minerals 
in which the larger part of the valuable metals occurs, from the 
particles of waste. 

The concentration of tailings from the Patio process on 
" planillas " and other simple appliances has been already 
described in Chapter III. The process has its advantages 
where labour is cheap and water very scarce, but would be 
utterly unsuited to American {i.e., United States) or Australian 
■conditions. 

Another method largely in use everywhere for saving the 
heavier j)ortion of the metallic sulphides is that of " blanket 
sluices." A blanket sluice consists of a number of wide shallow 
troughs of great length set side by side, at an inclination of 
from 6 to 10 inches in each 12 feet length, the bottom of the 
troughs being covered by blankets or canvas nailed to the bottom 
planks. A common size for the individual troughs is 20 inches 
wide and 1 J to 6 inches deep, and from six to as many as twenty 
are placed side by side, their length being anything from 50 
to as much as 1200 feet (Woodworth sluice). The stream of pulp 
being divided, so that an equal proportion goes to each trough, 
the heavier metallic particles fall to the bottom where the velo- 
city is least and get stranded upon the surface of the blankets or 
canvas, while the lighter waste is carried down by the stream 
and falls into a tailings sluice or launder. Either underneath 
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the main sluice or beyond the cross sluice which carries away 
the tailings, is a concentrate sluice to carry the concentrate into 
settling tanks. At intervals of from two to four hours the 
stream of pulp is turned off from each blanket sluice in succes- 
sion, connection is made with the concentrate sluice, and the 
blankets are either swept or, better, washed down with a strong 
jet of water from a hose into the concentrate launder. 

The value of concentrates obtained by either of the above 
methods may vary, according to the richness of the ore, from 
$25 upwards. At the Woodworth sluice,* where the tailings 
from a number of Comstock mills were run over the largest 
plant of this kind ever constructed — viz., 1700 ft. long x 22 ft. 
wide, the concentrates collected averaged over 25 ozs. to the ton. 
In this case they were treated by ordinary pan amalgamation, 
which recovered 70 per cent, of their value, and was the most 
economical process in consequence of the distance to the nearest 
smelting centre. In most cases where the concentrates are 
richer, and especially if they contain gold, it will be more advan- 
tageous to treat them by smelting (which extracts practically 
all the silver and gold present) ; or by chloridising roasting, 
chlorination to get out 95 per cent, of the gold, and subsequent 
lixiviation by the Russell process, which extracts from 60 to 85 
per cent, of the silver. 

Concentration after Amalgamation. — In the cases thus far 
considered the concentration is only partial, and the percentage 
recovered low, a large amount being lost in the final tailings. 
In order to effect a closer saving of the valuable heavy minerals, 
while at the same time doing the work cheaply under ordinary 
conditions, it is necessary to put in an automatic plant com- 
prising percussion tables and revolving buddies, or the shaking 
travelling belt machines which can, to a, considerable extent, 
fill the places of both. It is not proposed to give here any 
description of such concentrating devices or of the mode of using 
them,t but only to mention some of the results obtained by their 
use at certain mills. 

At the Cliarleston mills % (Tombstone, Ariz.) about 90,000 tons 
of an ore containing hornsilver, together with small quantities 
of metallic sulphides and large quantities of cerussite and iron 
and manganese oxides, were treated by the Washoe process 
during the years 1881 to 1884. The ores had originally con- 
tained about 46-5 ozs. of silver and 0-20 oz. of gold per ton, of 
which an average of 77-4 per cent, of the silver and 51-8 per 
cent, ot the gold had been extracted by pan amalgamation, 
leaving in the tailings an average of 10-5 ozs. of silver and -098 

* Egleston, Metallurgy of Gold, Silver, and Mercury in the U.S., vol. i., 

+ Rose, Metallurgy of Gold, 1st edition, chap, ix., pp. 163 et seq. 
J Church, Trans. A.I.M.E.,vo\. xv., p. 601. 
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oz. of gold per ton, worth at the then prices about £2, 9s. The 
concentrating plant consisted of agitators and mixers for making 
pulp of the tailings, trommels and spitzkasten for sizing, jigs 
for treating the coarser sand, Frue vanners for the intermediate 
sizes including the rounded grains which roll off a table, and 
a series of round tables with cement surfaces and successively 
gentler slopes for the fine slimes. The latter proved the most 
successful part of the whole mill, retaining the finest slimes of 
hornsilver and lead carbonate. The actual saving in treating 
about 17,000 tons during the year 1883-4 was 53 per cent, of the 
silver, 55| per cent, of the gold, and 77^ per cent, of the lead 
shown by assay in the tailings, equal to 14 per cent, of the 
silver and 23-4 per cent, of the gold contents of the original ore, 
thus bringing up the total saving on the original ore by amal- 
gamation and concentration combined, to 91 '4 per cent, of the 
silver and 75-2 per cent, of the gold, which from its small amount 
was of only secondary importance. The cost of concentration 
amounted to 5s. IJd. per ton of tailings treated, of which Is. per 
ton was for steam power ; and on a larger scale this could no 
doubt have been reduced. The concentrates contained over 
50 per cent, lead, nearly 50 ozs. of silver, and about ^ oz. of gold, 
and were smelted in round water-jacketed furnaces,* yielding 
lead which carried practically all the gold and silver. The cost 
of smelting was 40s. per ton. 

At the Standard Consolidated millt the tailings from free gold 
plate amalgamation are run over Frue vanners, yielding concen- 
trates which in 1892 averaged |58.97 in gold and $30.86 in 
silver, or $89.63 total. Treated by pan amalgamation, these 
concentrates yielded 80 6 per cent, of their value. The tailings 
from the concentrates, still containing $18 in gold and silver, 
are allowed to oxidise for a time, and are then re-amalgamated 
by the Boss continuous process, yielding this time 67 per cent, 
of their value (or $12.47 per ton) as a very base bullion only 
100 fine. 

Concentration before Amalgamation. — There are many 
localities in which a method of concentration after amalgamation 
similar to that above described can be introduced with advantage, 
the most suitable conditions being : — 

(1) That the greater part of the silver in the ores should be 
amalgamable. 

(2) That the concentrates should be comparatively small in 
quantity (not over 5 per cent, by weight of sulphides), and not 
too rich (say, 50 ozs. per ton as a maximum). 

When the heavy minerals in an ore (consisting, as is most 
usual, of base metal sulphides) amount to more than 5 per cent, 
by weight, they will more or less interfere with amalgamation in 
* Described in part i. , chap. xi. 
t Report of the Standard Consolidated Mining Oo. jar 189S. 
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the pan, increasing the losses of quicksilver and yielding a base 
bullion. In such cases, therefore, it is preferable to concentrate 
the original battery pulp and take out as much of the sulphides 
as possible before passing on the remainder (in slightly diminished 
quantity) to the pans. This plan has the great advantage that 
the heavy sulphide minerals are much coarser in grain before 
passing through the pans than afterwards, and are, therefore, 
much more easily saved, it being well known that the heaviest 
losses in concentration occur on the finest slime material. It 
offers the further advantage that if the ore carries gold a con- 
siderable portion of it can be saved by battery and plate 
amalgamation before the pulp passes to the concentrators ; and 
this is an important matter since many silver mines which are 
very rich near the surface become poorer in depth, retaining, 
however, the same proportion of gold per ton, and thus approxi- 
mating more to the character of gold than of silver mines. As 
examples may be mentioned the De Lamar (Idaho) and the 
Drumlummon mine of the Montana Co., Ltd. 

Other advantages of concentration before working in pans are 
tlie diminished loss of quicksilver by flouring, reduced wear and 
tear of pans, and doing away with pulp tanks to receive the 
tailings as discharged intermittently from the settlers, and with 
agitators to mix the tailings with a uniform quantity of water. 
Concentration of the battery pulp is performed more thoroughly, 
because it is easy to secure that even flow of pulp of uniform 
density without which close saving in concentration is an im- 
possibility, whereas with tailings discharged at intervals from 
settlers, or delivered in trucks from a tailings dam, it is almost 
impossible to secure sufficient uniformity in the pulp to enable 
the best results to be obtained. 

The so-called combination process in its entirety consists of 
three separate operations : — (1) Stamping and amalgamating on 
copper plates to save free gold ; (2) concentrating (usually on 
Frue vanners) to separate the rich heavy sulphides containing 
non-amalgamable gold and silver ; and (3) pan amalgamation of 
the tailings to save silver existing as chloride, and in other 
amalgamable forms. Sometimes a second concentration follows 
the pan amalgamation, in order to save a little more sulphide 
material from the now finely ground pulp. 

Examples of the Combination Process. — The Montana 
Company, Ltd., has, besides a 60-stamp mill treating low grade 
gold ores, one of 10 and one of 50 stamps, which work on the 
combination system. Erected as ordinary pan amalgamation 
mills, they had to be supplemented with concentrating appliances 
as the ores in depth became at once poorer and more refractory. 
Twenty-four Frue vanners, erected at a cost of £4000, yielded in 
a single twelvemonth concentrates to the value of over £70,000. 
Concentration before amalgamation was subsequently found to 
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be Still more advantageous, and the method of procedure in the 
50-stamp mill is now as follows : — 

(1) The ore is crushed and run over copper plates to amalga- 
mate free gold. 

(:i) The pulp is then passed over twenty Frue vanners, which 
take out high grade concentrates. 

(3) The tailings from the vanners, deprived of their free gold 
and of the richer portion of their sulphides, are amalgamated in 
pans in charges of about 1 ton, with the usual additions of salt 
and copper sulphate, and also a little sulphuric acid. 

(4) From the settlers the pulp is again passed over twenty 
Frue vanners, which catch a small quantity of inferior concen- 
trates. 

(5) Last of all, the pulp is caught in dams to undergo a^ 
process of oxidation, with a view to subsequent treatment. 

During the year 1895 the Company's mills treated 37,790 tons- 
of ore, the average assay of which is not given. The average 
total yield in bullion and concentrates was, however, |7.45 (31s.) 
in silver and |2.64 (lis. 2d.) in gold, or a total value of 42s. 2d. 
The average total cost of mining and treatment was 31s. 4d. (of 
which milling alone came to 12s.), leaving a, nett profit of 
10s. lOd. per ton, so that the silver extracted ju^t paid expenses, 
leaving the gold as profit. The advantages of concentration 
before amalgamation at this mine have been : — 

(1) Eaising the fineness of the silver bullion from 550 to 930 
and upwards, with corresponding diminution in cost for refining 
and less loss in the process. 

(2) Reducing the loss of quicksilver from 1*55 lbs. to O'l lb. 
per ton — which alone means an annual saving of £2500. 

At the Webster mill (Utah) ores containing 8 per cent, of lead, 
20 ozs. of silver, and ^ oz. gold per ton are concentrated before 
amalgamation, the concentrates carrying 50 per cent, lead and 
£20 per ton in gold and silver, the tailings are then treated by 
pan amalgamation to get out the rest of the silver. The total 
percentage of the precious metals extracted is 85 per cent, by 
value, and the pan bullion is very fine. 

At Black Pine (Montana)* a siliceous ore, carrying sulphides 
and averaging 17'5 ozs. silver per tun,t was treated during 1887 
by the Washoe process in a lOstamp mill, and yielded only 46 per 
cent, of its value. The mill was then altered, four Frue vanners 
being placed between the battery and the tanks, with the result of 
increasing the percentage saved to 83 per cent. The concen- 
trates assay 136 ozs. per ton and form about 6 per cent, of the 
total weight of the ore, containing, roughly, about 36 per cent, 
of its gross value ; 47 per cent, more was extracted in the 
pans, running for a total of eight hours — viz., four hours with 

* Goodale and Akers, Trans. A.I.M.E., vol. xviii., p. 248. 
+ The composition of this ore is given in Table II., p. 31. 
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chetnicals alone (50 lbs. salt, 2 lbs. sulphuric acid, ^ lb. potassium 
cyanide), and four hours more after addition of quicksilver. 
During the year 1889 the following results were shown : — 





Tons. 


Oz9. Silver. 


Value. 


Per Ton. 


Percentage 


Ore crushed, dry weight, 
Concentrates produced, ,, 
Bullion produced, 
Total silver extracted, 
Tailings, 


9062 
541-8 

8520 


205,435 
73,777 
97,661 

171,4.38 
33,997 


0Z9. 

•22-67 
1.36-2 

■4 


35 "9 
47-5 
83-4 
16-6 



Cost of milling, $4.36 = 18s. 2d. 

Details of the cost of milling are given in Table VI., Chapter VI. 
The concentrates carry 8 per cent. Cu, 9 per ce.it. Pb, and 32 per cent. 
SiOg, the rest being principally iron pyrites. 

At tluantla (Morelos, Mexico)* ores averaging about 98 ozs. 
per ton are concentrated on vanners, which yield 8 per cent, of 
their weight as concentrates, with about 720 ozs. of Ag per ton, 
or 60 ])er cent, of the silver contents of the ore. The tailings 
from this operation, still containing about 40 ozs. of silver, are 
treated by a modified Patio process and yield over 90 per cent, 
of their value. The final tailings assay under 4 ozs. per ton, so 
that the total extracted by the combined process is 96 per cent, 
■of the total contents of the original ore. Tlie total cost of treat- 
ment is under 30s. per ton and the yield is very much higher 
than could be obtained by any process involving roasting, not to 
speak of the volatilisation loss which is avoided. 

It may be remarked that the Frue vanner as a concentrator is 
certainly not better suited to most ores than ii combination of 
two other machines would be; but its automatic action and adjus- 
tability, coupled with its fairly close saving, production of clean 
concentrates, and wide range of adaptability to variations in the 
ore, enable it in most cases to do better work than any other 
single machine. 

Applicability of the Combination Process. — The advan- 
tages of concentration before amalgamation may be recapitulated 
as, follows : — 

(1) Easier and more perfect saving of sulphides. 

(2) Lower final tailings 

( 3) Cleaner bullion from the pans. 

(4) Less loss of quicksilver. 

* W. S. Morse, Private communicatimi, Feb., 1897. 
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The process is applicable to all ores carrying argentiferous or 
auriferous sulphides, but more particularly to the following :— 

(1) Those in which the sulphides, though comparatively small 
in amount, are rich, say 50 ozs. to the ton or upwards. 

(2) Those in which the sulphides, though poor, are yet worth 
treating, and where they constitute more than 5 per cent, of the 
weight of the ore. 

These cases are far commoner than is usually supposed, not 
only in the United States but also in Mexico and S. America, 
and as silver lodes are worked in depth the ore almost invariably 
becomes more refractory, carrying a larger percentage of its values 
in non-amalgamable forms. It is probable, therefore, that the 
field of this combination process will be largely extended in 
future years, certainly at the expense of roast-amalgamation 
processes which are last losing ground, and possibly, in some 
cases, of lixiviation processes. There are many instances where 
concentration might advantageously precede lixiviation on some- 
what light or medium heavy ores, but for the drawbacks involved 
in having to settle and dry the tailings prior to chloridising 
roasting, and in having to leach the fine slimes raw together 
with the roasted coarse sand, so sacrificing somewhat in per- 
centage of extraction. There are, however, probably many cases 
in which the extra yield obtained from, say, 10 per cent, of rich 
concentrates shipped to a smelter, would more than compensate 
for the cost of redrying coarse sand, and for the trifling loss of 
extraction through having to leach the fine slimes raw. In 
some cases the tailings would not require chloridising and could 
be leached raw after separation of the sulphide concentrates. 
At anyrate, there would seem to be a promising field for experi- 
ment here. 

It is evident that the adoption of the combination method 
need add but little to the cost of amalgamation jirocesses, for all 
the operations are automatic, and this is, moreover, proved by 
the milling costs for the combined concentration and amalgama- 
tion at the Montana and Combination Co.'s mills, which are only 
12s. and 18s. 2d. respectively, or not higher than the average 
cost of pan amalgamation alone throughout the United States. 

Concentration in Place of Amalgamation. — There are many 
cases in which silver-bearing ores, containing practically all their 
metallic value as sulphides, none of which are amenable to amal- 
gamation or lixiviation without a preliminary chloridising roast, 
can be concentrated so as to yield a very rich product for smelt- 
ing and almost worthless tailings. 

At the Silver £^ing mine (Ariz.) the ore (its argentiferous con- 
stituents being chiefly of metallic silver and chlorides) was treated 
by raw pan amalgamation ; then, as base minerals developed 
themselves, roast amalgamation and, subsequently, lixiviation 
were adopted. Now, however, all these processes have given 
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place to simple concentration.* The ore consists of streaks 
and spots of fahlerz and stromeyerite with some barytes in a 
decomposed basic eruptive rock and averages 25 ozs. of Ag 
per ton. It is stamped dry through a 30-mesh screen, ten 
stamps putting through 35 tons per day, and the pulp passes 
to six Frue vanners, 4^ feet wide. The concentrates assay 500 
to 600 ozs. of silver and are shipped for smelting to San 
Francisco, while the tailings assay only 3 to 4 ozs. per ton, so 
that this very simple and incomplete concentration plant saves 
quite 85 per cent, of the silver. 

This result is, however, quite impossible to obtain when the 
ore carries any quantity of heavy base-metal sulphides, for then 
these become chiefly concentrated, while any particles of true 
silver minerals, originally much smaller as a rule, pass away to a 
great extent with the fine slime. If no true silver minerals are 
present, and that metal is only found isomorphously replacing 
lead in galena the concentration may be very fair, but, as has 
already been seen, even with galena a proportion of its silver con- 
tents is usually in the form of a true silver mineral disseminated 
between the cleavage planes,! a large part of which inevitably 
finds its way into the slimes, while finely-disseminated polybasite 
and ruby silver exhibit even a more strongly marked tendency 
to pass away. 

At Silver Plume (Colo.), for instance, the ores carry from 10 to 
25 per cent, of metallic sulphides, chiefly galena and blende, with 
a little pyrites in a gangue of quartz, decomposed granite, and a 
little calcite. Both the galena and the blende carry silver, but 
there is also a good deal of finely-disseminated argentite, poly- 
basite, and ruby silver. The nett result of concentration is that 
the galena and heavy concentrates sent to the smelters only 
carry from 30 to 40 per cent, of the silver value of the ore, while 
the waste blende from the third hutch of the jigs often carries 
as high as 40 ozs. per ton, and most of the true silver minerals 
go into the slimes. 

In such a case as this it is obviously necessary to treat the 
tailings from the concentration mill by some other process 
(e.g., by chloridising roasting and hyposulphite ILxiviation), 
provided that they are sufficiently rich to bear the cost of the 
operation, which is not always the case. 

* Private- ccmimimication, A. L. Collins, Oct, 20, 1896. 
+ See part i., chap, iii., p. 36. 
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CHAPTEE VIII. 



RETORTING, MELTING AND ASSAYING SILVER 
BULLION. 

Composition of Amalgam. — The pressed amalgam obtained by 
the amalgamation processes described iu Chapters III. and IV. 
varies in composition only within narrow limits, the relative 
proportions of silver and mercury being affected rather by the 
nature of the ores than by the process adopted. Native silver 
ores always give a rich amalgam. Amalgam obtained by the 
Patio and fundo processes usually contains 20 to 22 per cent, of 
silver, that by the Francke-Tina process at Huanchaca* 16'6 per 
cent, of silver. Amalgam from the pan process, which is always 
much more base than that obtained by the other processes, yields 
a smaller proportion of silver in spite of its containing, to begin 
with, a smaller jiroportion of mercury. According to Eisslert 
seven parts of cupriferous and only four parts of plumbiferous 
amalgam are required to furnish one part of retorted bullion, 
though five parts of patio amalgam are required ; this is in 
accordance with the respective atomic weights of copper, lead, 
and silver. 

Retorting Amalgam. — The simplest method of retorting 
amalgam is that in use in out-of-the-way places in Mexico and 

S. America, by miners work- 
ing on a very small scale, or 
for the small quantities of 
auriferous amalgam obtained 
by treating auriferous silver 
ores in the arrastra. An 
earthen water-bottle with a 
long neck is employed, into 
which the amalgam is ram- 
med with a stick. The bottle 
is then inverted in a sheet- 
iron box or brazier, with its 
neck dipping below the sur- 
face of a vessel of water, and 




Fig. 46.— Flask Retort. 



glowing charcoal is heaped above it. When no more mercury 
is seen to run, the bottle is broken and the cake of silver taken 
out. An old quicksilver flask with a short length of gaspipe 
screwed into the neck, is also sometimes used as a makeshift. 



* E. and M. J., Dec. 28, 1895. 



+ Met. oj Silver, p. 133. 
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The most commoa method of retorting at small reduction 
works in Mexico is shown in section and plan in Fig. 46.* 
A number of quicksilver flasks are taken, and the necks are cut 
off one-half of the number while the bottoms are cut out of the 
remainder. The former are built into a small brick arch in 
a vertical position, so that their lower ends dip into a tank of 
water. The flasks from which the bottoms have been cut are 
lined with paper, and the amalgam is then rammed into them 
in quantities of about 65 to 75 lbs. each. The stoppers are 
tightly screwed in and these flasks are then placed in position 
upon those which have been built in; a perforated plate is 
placed between each pair so as to prevent the amalgam from 
falling out, and the joints are luted with clay, each flask being 
also plastered with a thin layer of clay to protect it from the 
fire. A rough brick wall is then built round the upper flasks, 
a few embers are scattered round them to dry the clay, and the 
wliole space is filled with glowing charcoal. Water is continu- 
ally added to the tank beneath to replace that lost by evaporation, 
and if possible a current of water is allowed to circulate through 
it so as to keep it cool. There is not much danger of melting 
the amalgam unless the fire be allowed to get too hot, but the 
resulting retort silver usually contains about 1 per cent, of 
mercury. The operation usually lasts about four hours. Fur- 
naces on this plan may contain as many as eight or ten retorts, 
in which case the total charge may be 500 to 700 lbs. of amalgam. 
In larger distillation furnaces on this plan the double flasks are 
often set into the hearth of a small reverberatory furnace ; the 
heat is then much more even and more easily regulated, and the 
flasks last longer. 

Capellina. — Formerly in almost all large Mexican and S. 
American reduction works the " capellina" or bell was exclusively 
used for retorting. The amalgam being first formed into a 
conical pile of little cakes with paper between, the bell (of 
copper, bronze, or iron) was let down over the pile and glowing 
charcoal heaped about it.f In Northern Mexico, however, this 
apparatus has been to a great extent replaced by the Californian 
retort described below, or by the above arrangement of flasks. 
A modern form of "capellina" used at Potosi (Bolivia) is shown 
in Fig. 47. t A is a circular furnace lined with firebrick, built 
over an arched chamber, and provided with holes, B B, for 
admission of air and for raking out the ashes ; C is the cast-iron 
"capellina," which may be raised when it becomes cracked by a 
chain hooked to the ring at the top ; when in use it is per- 
manently bolted to a cast-iron pipe, D, built into the arch. 

* Chism, Trans. A.I.M.E., vol. xi., plate ii. 
t V. Percy, Mtlallurgy of Silver aiid Gold, p. 627. 

J Egleston, op. cit., p. 328, quoted from Rathbone, Engineering, vol. 
xxxviii., p. 174. 
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This pipe dips into water contained in an iron tank, E, supported 
by a cross-beam, F, resting on screw-jacks. The furnace is 

closed by a cast-iron cover, G, 
which is raised by means of a 
chain as required, and im- 
mediately below it is a ring of 
holes, H, for the escape of the 
products of combustion. Inside 
the "capellina" is a series of 
shelves supported by a stand of 
iron rod, which rests on the 
bottom of the water tank. After 
each operation the tank is low- 
ered, together with its stand of 
shelves, and the sectors of spongy 
silver on each shelf replaced by 
similar sectors of hard amalgam, 
moulded into shape by a hy- 
draulic press. The tank with 
its stand of amalgam is then 
lifted up into its place, and the 
fire replenished. The fuel used 
is dried llama dung, which costs 
about |9 (Bol.) per ton, and 
gives a steady smouldering fire. 
The loss of mercury in distil- 




Fig. 47.— Fixed Capellina. 



lation varies from y^ to ^ per cent, when properly conducted, 
but may easily reach | per cent, if carelessly done. 

At the Haciendas de Loreio* and other Pachuca reduction works, 
the capellina is provided with an iron "capote" to protect it. The 
charge is from 500 to 1500 lbs. of dry amalgam, which, after 
firing for eight hours, during which 6 cargas of wood are con- 
sumed, yields 22 per cent, by weight of retorted silver. If 
taken care of, and allowed to cool slowly, a capellina so arranged 
should last from two to five years. 

Tube Retort. — At all silver mills in the United States, and at 
most of the larger ones in Mexico and S. America, the horizontal 
retort is employed. The construction of this is shown in Fig. 
48 and needs no explanation. Dampers, not shown in the figure, 
distribute the heat evenly over the whole length of the retort, 
which is set in a firebrick firebox with cast-iron front, while the 
condensing tube passes out through a brick wall at the back. 
The bottom of the retort is covered with a clay wash, and 
occasionally the balls of amalgam are charged direct upon it. 
Generally, however, the amalgam is charged into little sheet-iron 
trays fitting the bottom of the retort, and about a foot to 18 
inches long, with a partition in the centre ; these are washed 
* Private notes, 1897. 
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with lime or clay, or lined with several thicknesses of paper, to 
prevent the spongy silver from sticking. The retorts vary from 
4 to 5 feet in length and 
10 to 14 inches inside 
diameter, the metal being 
usually IJ inches thick. 
The condenser is usually 
of the Liebig form, as fig- 
ured, but sometimes con- 
sists of a mere inclined 
tube set in a long tank of 
water. A bladder is tied 
on the free end of the tube, 
alter all the air has been 
expelled, to prevent danger 
of explosion through water 
being sucked back. The 
lid is carefully luted with 
wood ashes and salt or 
other mixture before being 
tightly clamped 




Fig. 48.— Horizontal Tube Retort. 



The charge of one of these retorts is from 1000 to 2200 lbs. of 
amalgam, but it is found best never to fill them more tlian half 
full. The heat is increased gradually at first, most of the 
mercury coming ofi' at a low temperature ; but the last traces 
can only be driven ofi' at a bright yellow heat, which causes dis- 
tortion and sagging of the retort bottom. It is best to provide 
a few extra supports, either of cast or wrought iron, fitting the 
curve of the retort bottom, as those provided by the makers are 
rarely sufficient. The wear and tear, however, on the retort 
when it is attempted to distil ofi' all the mercury is so great that 
it is preferable to stop when about 1 to \^ per cent, is still left 
in the bullion. The process of distillation usually takes from 
ten to fourteen hours, and the consumption of fuel is 3^ to 6 lbs. 
of wood or IJ lbs. of coal per lb. of retorted bullion produced. 
A retort should last for two hundred to three hundred operations 
if placed in suitable curved supports, turned round from time to 
time and not fired too fiercely. There is always some loss of 
quicksilver vapour on opening it, and to avoid this loss and 
the consequent danger of salivation, the retort has been ex- 
hausted by means of a steam jet in the condensing pipe at the 
Lexington mill,* the steam being condensed, together with the 
mercury, in a kind of " surface condenser." In this case there 
was no loss even on opening the retort hot, but it is usually 
better to allow the latter to cool off for, if possible, twelve hours' 
before opening, and when this is done the common Liebig con- 
denser is amply sufficient to condense the vapours. 
* Eny. and M. J., vol. xxxiv., p. 255. 
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Very base bullion is liable to " froth " in the retort, boil over 
the trays, and so cause great trouble in removing the spongy 
retort metal, besides danger of choking up the exit pipe with 
condensed volatile metals. Special care must be taken with 
such amalgam to increase the heat very gradually, which is 
indeed always preferable. 

Retorting Cupriferous Amalgam. — When much copper is present 
a spongy mass, which is very rich in that metal, forms on top of 
the retort bullion, while poor in silver and brown from oxidation. 
This is particularly the case when old tailings are amalgamated 
with the addition of a large excess of copper sulphate, as 
described in the last chapter. At the Lyon mill* the charge for 
a retort was 1700 lbs. of amalgam, which, by raising the heat 
gradually, took fourteen hours to distil off, after which the retort 
WIS allowed to cool all night. Next morning, on opening, it was 
found to contain a shell of dense, compact, semi-fused, slightly 
reddish-white material called " white bullion," surmounted by a 
red-brown brittle and spongy mass known as " base bullion," 
which was readily chipped away from the underlying shell. For 
each 100 lbs. of amalgam taken, the average yield of retort 
bullion over a period of two years was 14"8 lbs., of which 3'1 lbs. 
were "white," and 11'7 lbs. "base" bullion. The former aver- 
aged during the same period 565 fine in silver and 4 in gold ; 
the latter 37 fine in silver and 1'16 in gold. The concentration 
of g'lld in the upper part of the mass is somewhat remarkable, in 
view of the fact that in pigs of lead bullion it seems to accom- 
pany the silver, and is concentrated towards the bottom ; it 
affords another instance of the great mutual affinity of gold and 
copper exemplified in the gold-copper crusts of the Parkes 
process! and in the " smelting for bottoms " of the Argo matting 
process. I The liquation of silver to the bottom of the mass is 
only to be anticipated, as its melting point is 100° C. below that 
of copper. The mass was taken out in one lump, and samples 
taken by chiselling slices clean across it before separating the 
two kinds of bullion. 

Melting and Beflniug Retort Bullion. — Retort silver from 
the Patio process is very pure, often running 998 or 999 fine 
a,nd seldom going below 995. It therefore requires no refining, 
but is simply melted (usually in plumbago crucibles) without 
any fluxes, and poured into ingot moulds. 

The ordinary wind melting furnace requires neither figure nor 
description, being simply an enlarged example of the common 
crucible assay furnace with which all students of metallurgy are 
familiar. Formerly large iron crucibles holding from 150 to 
1500 lbs. each, and tandled by small cranes were very widely 

* Hodges, Trans. J\I.M.E., vol. xiv. , p. 735. 

t V. Part i. , chap. xvM. J Part ii. , chap. xvii. 
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employed. At Pasco (Peru)* 150-lb. crucibles are in use, and 
last about forty melts. 

At the Haciendas de Loreto (Pachuca) t the large iron crucibles 
hold about 1500 lbs. of molten silver (twenty-five bars of 30 kilos, 
each), which takes six hours to melt down completely, being, of 
course, charged in gradually. When all is melted the crucible 
is not lifted, but its contents are dipped out into moulds by 
means of iron ladles, an operation which takes forty minutes. 
The crucibles cost $350 to $500 each, but are very economical, 
lasting on an average for twenty-eight melts or seven hundred 
bars. 

Plumbago crucibles holding from 1 to 2 gallons and pouring 
1000 to 2000 ozs. are most commonly used. Sprouting is pre- 
vented by putting a little charcoal powder or chafi" into the 
mould before pouring, and by covering it immediately so as to 
let it cool slowly. 

The Boss melting furnace for bullion which requires no refining 
is shown in Figs. 49 and 50. It consists of a double-tuyered 
brazier-shaped forge, with a cast-iron pan lined with a mixture 
of fireclay and boneash about 2 inches thick ; the tuyeres at the 
back pass through a water-jacket. A tire being lighted and the 
pan and brazier filled with charcoal, the blast is let on ; and as 
soon as the whole mass is thoroughly glowing, lumps of retort 
bullion are gradually charged at the top, together with charcoal 
to supply the waste. When sufficient metal has been melted 
down to give a bar, the discharge spout is tapped with a steel 
rod direct into the ingot mould and stopped again with a bone- 
ash plug, a succession of bars being then melted and cast at 
intervals of fifteen to twenty minutes only. It is claimed for 
this furnace, that the flame being reducing there is less loss in 
melting than with a reverberatory. It is certainly more con- 
venient and economical of fuel owing to the localisation of the 
heat, but it seems likely that the violent draught coupled with 
the rapid expulsion of whatever quicksilver might be left in the 
bullion, would cause loss by volatilisation considerably greater 
than in the reverberatory. 

Eetort silver from the Krohnke process (Ohili) is generally less 
pure, containing in addition to copper, arsenic from the ores. 
This is removed by stirring on the hearth of a small reverbera- 
tory furnace, by which means it combines with the iron of the 
tools to form a speiss-slag which can be skimmed. The melted 
silver resulting is 980 fine. 

Retort silver from the Franche-Tina process would be only 
about 980 fine, but that the amalgam before retorting is refined 
as already described (Chap. IV.), which brings it up to 990 fine, 
and to 996 after refining in charges in 5500 lbs. at a time on 

* Pfordte, Trans. A.I.M.E., vol. xxiv., p. 119. 
t Private notes. 
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tlie hearth of a reverberatory furnace, the consumption of coal 
in which operation is proportional to that of the silver refined. 

The amalgam from the 
modified tinas with iron 
mullers used at Play a 
Blanca, gives a retort 
metal of only 940 fine, 
the impurity being copper, 
which is removed by cupel- 
lation, and recovered by 
smelting the resulting 
litharge and cupel bottoms. 
Retort silver from the 
pan process may vary, ac- 
cording to the nature of 
the ores and of the mani- 
pulation, from less than 
200 to over 970 fine, but 
generally runs from 700 
to 900. 

At the Ontario mill the 
retort bullion (which is 
500 to 600 fine) is melted 
down upon a small gas- 
fired reverberatory hearth, 
built of fireclay and 
pounded firebrick mixed 
with borax - water, and 
resting upon a layer of 
Portland cement in a 
wrought -iron pan. The 
hearth is 3 ft. 6 ins. x 2 ft. 
9 ins. X 6 ins. deep, and 
it takes four to six hours 




Figs. 49 and 50. —Boss Melting Furnace 
(Elevation and Plan). 



io melt down the first charge of 1400 lbs., which when molten 
is cast into bars of about 100 lbs. apiece. Subsequent charges 
in the hot furnace are melted down at intervals of about three 
hours each. The total cost including fuel, borax, and repairs is 
■under 37 cents (say Is. G-jd.) per 1000 ozs. of bullion melted. 

On the Comstock the retort bullion from ore treatment is from 
930 to 960 fine, and is in most cases simply melted down in large 
plumbago crucibles in a wind furnace, without any attempt at 
■refining, a little borax being used as flux. Each crucible pours 
a single ingot of 80 to 100 lbs., but as the bullion is bulky only 
30 to 40 lbs. are packed in the crucible at first, the remainder 
being added afterwards with a pair of long tongs as in all crucible 
melting. \ 

When it is desired to sligatly refine nearly pure silver bullion, 
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nitre is added together with the borax. Fusion of the charge in 
a well-built furnace should take about one and a^half hours ; the 
bath is then skimmed, and more nitre and borax thrown on till 
the metal is pure enough to pour. Just before pouring the pot 
is skimmed, stirred with a red-hot iron or plumbago rod, and 
in some places a sample is dipped out in a small iron cup and 
poured into water. The molten metal is then poured into a 
warmed oiled mould (for 1000 ozs., 11 ins. long < 4i ins. wide x 
4 ins. deep), which is immediately covered with" another hot 
mould to prevent too rapid cooling.* As soon as the interior 
of the ingot is quite set, the mould is inverted and the ingot 
plunged into a vessel of water (which in the case of somewhat 
base bullion should have a little sulphuric acid added to it), by 
which it acquires a brilliant lustrous surface. It is then chipped 
free from any adhering slag, trimmed up if necessary, and num- 
bered with steel punches. When the bullion contains lead, 
bone-ash is added in refining together with the nitre and borax, 
so as to absorb the litharge and prevent it from "cutting" the 
crucible. When much nitre is to be used, it should always be 
added in the centre of a ring of bone-ash which protects the pot. 

When melting very base, plumbiferous, and ferruginous bullion 
from tailings, Eissler t found it advisable to " liquate " out most 
of the lead and silver, and to take up the residual sponge con- 
taining most of the iron and copper, mix it with the skimmings 
from the lead pigs, and melt it down with sulphur at a white 
heat to form an argentiferous matte which was sold to lead 
smelters. 

Eeflning Very Base Cupriferous Biillion.t — The tailings 
bullion on the Comstock consisted, as already mentioned, of two 
parts — a " white bullion " 565 fine in silver and 0-4 in gold, and 
a " base bullion" which was mostly copper and averaged 37 fine 
in Ag and 1-16 fine in Au. The base bullion being brittle could 
be readily crushed and roasted and dissolved in sulphuric acid ; 
the white bullion being dense and metallic could neither be 
crushed nor roasted, and it was necessary to "matt" it first. 
The operations (except that of matting) were identical on the 
two kinds of bullion, but they were kept separate throughout ; 
the treatment being as follows :■ — 

(1) Preliminary calcination (12 hours) to loosen up the bullion 
and partially oxidise it, for which purpose it was simply charged 
into the roasting furnace at night after drawing the roasting 

* Silver which has been refined with nitre is always more inclined to 
sprout than when no nitre has been used. The remarks in part i. , chap, 
xviii., on the pouring of silver bullion at Port Pirie should be referred to 
in this connection. 

t Metallurgy of Silver, 1891, p. 314. 

J Hodges, Trans. A.I.M.E., vol. xiv., p. 731, where drawings are given 
of the plant employed. 
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charge, so as to utilise the waste heat. The gain in weight 
owing to oxidation was 2'5 per cent, on the white and 17'4 per 
cent, on the base bullion. 

(2) Matting of the white bullion together with metallic lumps 
from the crusher, assay bars, &c., in a 3-foot parting-kettle with 
a cast-iron cover, which was luted and bolted on. About 450 lbs. 
of bullion and lumps, together with 18 to 20 per cent, sulphur, 
were charged in layers, with thin refuse wood between in order 
to facilitate removal. The kettle was dred with refuse wood for 
four to five hours, and left till next day, when the cakes of matted 
bullion were broken up with hammers and sent to the crusher. 

(3) Crushing in a 3 ft. 6 in.-diam. Chilian mill through a 20-mesh 
screen, the capacity being about 100 lbs. of sulphurised white 
and 200 lbs. of calcined base bullion per hour, and the wear and 
tear only 0-07 per cent, on the weight crushed, or, say, IJ lbs. 
per ton. The percentage of uncrushed lumps was 0-55 per cent, 
on the base, and 6 '8 6 percent, on the white bullion. All lumps 
were returned to the matting-kettle. 

(4) Roasting to Sulphate. — The furnace used was a small rever- 
beratory, the hearth of which was formed of a cast-iron pan 
7 ft. X 4 ft. 6 ins. and 1^ ins. deep, made in two pieces bolted 
together through the cheeks, the metal being 1^ inches thick. 
The fireplace was 4 ft. 6 ins. x 16 ins. and burned wood, the 
chimney being 9 ins. x 15 ins. and 24 ft. high. The whole cost 
of the furnace was .£120. It treated charges of 450 lbs. of base 
bullion in ten hours, or, when roasting continuously, in six to 
eight hours, with a fuel consumption of one-fifth cord of wood 
per charge. The bullion gained 6J per cent, more in weight 
by roasting, and was passed through a 10-mesh sieve yielding 
1-3 per cent, of lumps. Of matted white bullion 300 lbs. were 
treated in six to seven hours, and on sifting through an 8-mesh 
screen gave an average of 17A per cent, of unroasted lumps. 
The lumps in each case accumulated until there was enough for 
a separate chai'ge, when they were re-roasted. The average 
sulphatisation reached was 60 per cent, of the silver, the rest 
remaining in the metallic condition. 

(5) Dissolving in Chamber Sulphuric Acid. — This was performed 
in tubs 6 ft. diameter and 4 ft. deep, with 3-inch staves and flat 
iron hoops 31 ins. x | in. The bottom of the tubs, and up to 
12 inches above the bottom, was lined with 14-lb. lead, and the 
remainder with 8-lb. lead ; a |-inch lead steam pipe was fixed 
in the tub as well as water and acid pipes, and the cost of each 
tub was £60. The norinal charge of each tub was 1200 lbs. of 
base, or 1000 lbs. of white, bullion, and the consumption of acid 
was 3 per cent, more than that required by theory to form OuSO^ 
with the copper present, a small amount being consumed by 
metallic silver, part of which went into solution. The tubs being 
filled with acid and brought to the boiling point, the roasted 



RKTOBTING, MELTING AND ASSAYING BULLION. 



145 



bullion was fed in slowly, while the bath was stirred vigorously 
with a wooden paddle until the residue looked white ; when it 
was settled for four hours and the solution (of 40° to 42° B.) was 
syphoned into the precipitating tanks. The residue, after 
washing with dilute acid and then with hot water till the 
washings showed no trace of silver, was dried in iron pans and 
melted in plumbago crucibles to dore bullion, 950 fine in Ag and 
17 in Au — that from the base bullion often running up to 25 
and even 30 in gold. 

(6) Precipitating the Silver on Copper Bars The tanks used 

were old mill settlers, 10 feet diameter, lined with lead, and pro- 
vided with steam pipes for heating. Precipitation took four to 
five hours at nearly boiling heat with occasional stirring, and the 
solutions at a specific gravity of 36° to 37° B. were syphoned 
into the crystallising vats. 

(7) Crystallising out the Bluestone.— The crystallisers were 
leid-lined wooden vats, 7 ft. long x 3 ft. wide at top x 2 ft. 
high, with flaring sides of plank strongly bolted together. As 
each crystalliser was filled it was covered with planks to prevent 
too rapid cooling, which would produce small crystals. The 
crystals were washed, dried, and packed in barrels, the mother 
liquors of 23° to 25° B. were concentrated and again crystallised, 
the acid liquors being used over again. Wash waters and second 
mother liquors under 15° B. and containing very little acid were 
diluted and run through scrap-iron vats to precipitate the copper, 
which was utilised in the silver precipitation. 

Cost of the process on 89,394 lbs. retorted bullion (in United 
States currency). 





Wages. 


Fuel. 


Acid. 


Sulphur 


Sundries. 


Total. 


Per lb 




Dal3. 


Dols. 


Dols. 


Dols. 


Dols. 


Dols. 


Cents. 


Roasting, crushing, 
















and matting 


1629.96 


676.14 




60.94 




2367.04 


2-65 


Dissolving and con- 
















centrating, . 


2262.75 


2488.25 


4038.15 






8789.15 


9-83 


Crystallising and 
















packing, 


847.12 








115.20 


962.32 


107 


Repairs, 


319.65 








243.22 


562.87 


0-63 


General expenses, . 
Total, . 


2951.19 










2951.19 


3-30 


8010.67 


3164.39 


4038.15 


60.94 


358.42 


15,632.57 


17-48 



The loss of the precious metals, as shown by careful assaying 
and sampling, was under 0-1 per cent, of the silver and 0'8 per 
cent, of the gold. Calculating the whole of the expenses on to 
the bluestone produced, and charging the refinery at market 
values with the coi)per contained in the bullion, the total expense 

10 
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of the bluestone produced ready packed for market was 765 cents 
per lb. ; but if no allowance be made for the copper contained in 
the bullion the total cost of the bluestone produced was less 
than its current selling price, so that the nett cost of refining 
under the above conditions was nil. 

It may appear that undue prominence has been given to this 
wet method of refining; but an almost identical process was 
adopted and highly recommended by Stetefeldt for refining 
lixiviation sulphides,* and a modification of it may often prove 
useful for working up bye- products containing silver and copper, 
where acid is not too dear. 

Assaying of Silver BTillion. — The cupellation of silver being 
attended by such high volatilisation and absorption losses it will 
be readily understood that wet methods are preferable and are, 
indeed, now universally adopted. 

Practically speaking, only three methods are at all used--— viz., 
(1) The gravimetric method, estimating as AgOl, in use at the 
Indian mints; (2) the G^ay Lussac volumetric method with the 
use of standard normal and decinormal solutions of salt, which 
is employed at all British mints and assay offices, and at most 
of those in the United States ; and (3) the Volhard volumetric 
method, in which a standard solution of potassium sulphocyanide 
with a ferric salt (iron alum) as indicator is adopted. 

The latter method has been decried a good deal as inaccurate, 
but is capable, in practised hands, of giving very accurate results 
in less time than the Gay Lussac method; it has been accordingly 
adopted by the Broken Hill Proprietary and by other large 
refineries. For information as to the special precautions re- 
quired with this method the student may consult an article by 
Torrey,t and for those necessary with the ordinary Gay Lussac 
method a recent article by Whitehead and Ulke f in the same 
journal. Other detailed descriptions of the manipulations 
involved in both methods will be found in the works mentioned 
in the footnote. § 

What would seem to be an improvement is the combination 
method described by Knorr,|| using the normal salt solution of 
the Gay Lussac and the decinormal sulphocyanide solution of 
the Volhard methods. The very tedious shaking of the Gay 
Lussac method is thus obviated, and the results are at least as 
accurate. 

* Trans. A.I.M.E., vol. xx., p. 37; vol. xxi., p. 286; vol. xxiv., p. 221. 

t Eng. and Min. Joum., Jan. 6, 1883. 

J76«.,Feb. 26, 1898. 

§ Percy, Metallurgy of Silver and Gold, part i., pp. 283-292 (Gay Lussac), 
p. 293 (Indian mint gravimetric), p. 294 (Volhard's method). Furman, 
Manual of Practical Assaying, 1st ed. , pp. 2iO-24A. Balling, Manuel de 
I'Art de I'Essayeur, pp. 389-410. 

WJourn. Amer. Chem. Soc, Oct., 1897, vol. xix.. No. 10, p. 814; also 
abstract in Eng. and Min. Joum. , Oct. 30, 1897. 
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CHAPTER IX. 

CHLORIDISING-ROASTING. 

Drying and Crushing. — Ohloridising - roasting is, generally 
speaking, a necessary preliminary to the treatment by wet 
processes (either amalgamation or lixiviation) of all those silver 
ores in which that metal occurs as a sulphide, sulphantimonide, 
■or sulpharsenide, as well as of those in which silver sulphide 
occurs not merely intermingled but isoraorphously associated 
with galena, blende, or other sulphide. 

Ore for chloridising-roasting requires to be reduced so as to 
pass through a mesh of between 16 and 40 holes to the inch before 
it can be properly chloridised. Pyritic ores, and others which 
decrepitate on heating, will chloridise well if crushed only to 
16 mesh, and when the silver-bearing mineral is brittle even 
a coarser mesh will sometimes serve; but ores which are dense 
and do not decrepitate, and especially those which consist largely 
of blende or galena, require to be crushed to 40 mesh in order 
to give good results. At San Francisco del Oro, O. Hofmann 
found that a heavy galena ore was chloridised satisfactorily when 
crushed through a 40-mesh screen, in which condition 90'5 per 
cent, passed a 90-mesh sieve ; while when crushed through 
a 20 mesh, although 67 '2 per cent, of the pulp was still fine 
enough to pass the 90 mesh, the percentage of chlorination was 
reduced by no less than 27 per cent. 

The preliminary operations of drying and crushing have been 
already discussed in Chapter VI. [q. v.). The choice of crushing 
machinery for a given plant should be governed entirely by the 
degree of fineness to which it is requisite to reduce the ore prior 
to roasting. If a 12 to 20 mesh will do, rolls or Chilian mills 
are to be preferred if the ore is to be leached, as they give a more 
granular pulp with a smaller proportion of slime. Where, how- 
evei", the ore will not chloridise well unless crushed through a 
30 or 40 mesh, stamps must be employed, as the capacity of the 
other machines is very small for such fine crushing and the 
amount of screen "returns" is enormous. 

Chloridisation of Sulphides. — The chloridising-roast aims 
at the conversion of as much as possible of the silver present 
into chloride, together with as little as possible of other metals, 
the agency employed being common salt, which at a high 
temperature is decomposed by sulphates or by silica, evolving 
chlorine with which the silver combines. It has been already 
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seen* that at a temperature of bright redness metallic silver 
readily and completely decomposes salt, becoming converted 
into chloride, a large part of which volatilises. It is necessary 
to diminish this volatilisation loss by working at as low a tem- 
perature as possible ; hence other reactions must be sought. 
With ores which contain from 3 to 8 per cent, of metallic sulphides 
(especially of pyrites) there is no difficulty, as by roasting at a 
low temperature they are converted into sulphates, the sulphuric 
acid of which being liberated by raising the heat decomposes the 
salt and sets free chlorine. Lead and zinc sulphates, however, 
neither decompose salt so readily as do those of copper and iron, 
nor are they so easily formed, and when an ore consists princi- 
pally of galena and blende with fahlerz, as at the Silver King- 
(Ariz.), Huancliaca (Boliv.) and many other places, roas>ting 
becomes very difficult and the losses are largely increased. In 
the case of ores which contain only a very small percentage of 
sulphides, especially if there is much calcite in the gangue, it is 
usual to add a small quantity (1 to 4 per cent.) of pyrites before 
roasting in order to form sufficient sulphates to act upon the 
salt. The addition of pyrites to ores containing sulphantimonides 
and sulpharsenides of silver is also advantageous in another way, 
for it assists the expulsion of antimony and arsenic in the cooler 
part of the furnace as sulphides,! in which form they appear to 
carry off very much less silver than when they are volatilised as 
oxides or chlorides. In place of pyrites, sulphur or copperas 
(ferrous sulphate) may be used ; but although the latter has been 
termed by some writers "a cheap substitute for pyrites," there 
are but few silver-mining districts where pyrites would not be 
both more readily obtainable and cheaper. When the ore contains 
more than about 8 per cent, of sulphur, decomposition of the salt 
takes place so early that large quantities of base-metal chlorides 
are formed, and therefore, with such ores, it is advisable to burn 
off most of the sulphur by an oxidising roast before adding salt. 

In the case of ores which contain oxide of manganese chlorine 
is also evolved at a low red heat, but the reactions which take 
place are somewhat obscure. According to Clark J admixture 
of oxidised manganese ores diminishes the loss of silver by vola- 
tilisation in the roasting of ores containing much zinc. 

Chloridisation without Sulphur. — With ores already roasted 
sweet and consisting chiefly of ferric and cupric oxides, chlori- 
disation can be effected rapidly by stirring in a mixture of fine 
sand and salt moistened with water, which at a red heat yields 
sodium silicate and HCl. This method is, however, out of the 
question except with ores free from zinc, lead, antimony, and 

* Chap, i., p. 12. 

tf. also part i., chap, vi., where this and other reactions of the ordinary 
roasting process are referred to 

t Trans. A.I.M.E., vol. xvii., p. 775. 
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other volatile metals, as the temperature required for the re- 
actions is so high that the volatilisation loss of silver would be 
very great in presence of such constituents. 

The active chloridising agent, whether free 01 or HCl, acts 
vigorously, not only upon metallic silver, but also upon silver 
■combined as sulphide in isomorphous admixture with other 
metals, and upon sulphantimonides and sulpharsenides. 

Chloridisation on the Cooling Floor (" Heap cJdorination "). — 
In many cases the ore as drawn from the furnace still retains 
a large proportion of its silver in an insoluble form unaffected 
by sodium hyposulphite and presumably non-amalgamable. * 
It is usual with most ores to allow the roasted ore to lie in 
heaps on the cooling floor for periods of from twenty-four to 
sixty hours, which frequently increases the chloridisation 10 to 
40 per cent., while by subsequent sprinkling sufficient water 
over the cooled heaps to thoroughly moisten them an additional 
chlorination of 3 to 6 per cent, is often reached. By these 
means the "percentage of chlorination" may be increased from 
10 to 45 per cent., and in some cases this slow chloridisation 
■carried out on the cooling floor without any volatilisation loss 
can be almost entirely relied upon, in place of that effected in 
the furnace quickly but at the expense of a considerable loss of 
silver. At the Ontario mill the " percentage of chlorination " is 
increased on the cooling floor from 3 to 8 per cent, only, at the 
Lexington mill the inciease is 12 to 15 per cent., at Cusihuiriachic 
26 per cent., at San Francisco del Oro 13 per cent., and at the 
Aspen mill 26 per cent, as shown by hypo, test, and 1 1 per cent, by 
actual extraction. The more thoroughly chlorination is effected 
in the furnace the less is the increase shown by lying on the 
oooling floor. 

.Although, however, " wetting down " some ores, especially 
those containing copper, increases the percentage of chlorination, 
other ores are not affected by moistening whether during cooling 
or afterwards; while with most ores wetting down while hot 
seriously affects the percentage of chloridisation (Cusi, Yedras, 
Sombrerete, and Lake Valley).! This is particularly noticeable 
in the case of ores containing much lime or zinc, but even when 
neither is present there is a decidedly injurious effect — due no 
doubt to the action of steam upon AgCl. It is always best not 
to wet down till the ore is fairly cool, and not to leave it long in 
a moist condition unless it contain a considerable amount of 
copper and not much zinc, for copper chloride assists the for- 
mation of AgCl while zinc sulphide decomposes it. 

The reactions which take place in this " heap chlorination " 
are various. Base-metal chlorides (especially those of copper) no 

* The method of ascertaining the proportion of silver which has been 
■converted into chloride is described in chap. vi. 
t Daggett, Traii«. A.I.M.E., vol. xvi., p. 3S9. 
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doubt react upon insoluble and undecomposed silver sulphide^ 
converting it into chloride, but this reaction is strongest after 
wetting down. While still red hot the chief action is probably 
the formation of SO3, through slow oxidation of undecomposed 
metallic sulphides producing SOg which is then further oxidised 
to 80g in contact with the higher oxides of iron, manganese, and 
copper present in the heap ; this SO3 then liberates chlorine 
from unaltered salt, as pointed out by Stetefeldt. The necessity 
for heap chlorination is greater the shorter the time the ore 
remains in the furnace ; hence it is most necessary in the case 
of ores roasted in a Stetefeldt lurnace. 

Influence of Various Substances on Chloridisation Lime 

appears to exercise an unfavourable influence on chloridisation, 
and ores which contain calcite and but little heavy siilphides are- 
usually roasted with considerable additions of pyrites so as to 
convert most of the lime into sulphate. The Aspen ores, for 
example, which contain 11 per cent. CaO and 4 per cent. MgO, 
require additions of pyrites sufficient to bring up the total S- 
contents (irrespective of BaSO^, which remains inert) to 8 per 
cent. The evil influence of lime, however, is not felt so much in 
the furnace as on the cooling floor, where, especially if the ore 
be wetted down, the caustic lime acts powerfully on the silver 
chloride already formed, reducing it to metallic silver. The 
presence of much calcite in an ore is, therefore, incompatible^ 
with that full development of heap chlorination which is s& 
valuable in other cases, and such ores should be treated as soon 
as sufficiently cool to handle, especially if they are to be leached. 
Both lime and magnesia are disadvantageous in another way,, 
since their chlorides, being distinctly volatile, may help to carry 
off' silver chloride. 

Cupric chloride has a very beneficial effect upon the process 
both in the furnace and on the cooling floor, but it is important 
to convert as little as possible of the base metals other than 
copper into chlorides, because these other chlorides are equally 
objectionable in amalgamation and in lixiviation. The iron 
present, therefore, should be converted as fully as possible into 
ferric oxide, zinc into oxide and basic sulphate, lead into sulphate, 
arsenic and antimony into volatile oxides and chlorides, and copper 
partly into oxide and partly into chloride. These objects are 
attained more perfectly on heavy sulphide ores when an oxidising 
roast precedes the addition of salt, and, therefore, both on this 
account and because of the lower volatilisation loss, much more 
perfect results are usually obtained in hand furnaces where the 
salt can be added at any required stage of the process. 

rurnaces Employed. — The various furnaces in use for 
chloridising-roasting may be classified as follows: — (1) Rever- 
beratories worked by handj (2) mechanical reverberatories ;. 
(3) revolving cylinders ; and (4) shaft furnaces. 
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Hand Reverberatories — Tlpree- and Four-Hearth Furnaces. — 
The construction of reverberatory roasting furnaces has been 
already dealt with in Part I., Chapter VI.; the long three- and 
four-hearth furnaces there described are equally well adapted to 
chloridising-roasting. With anything like a high percentage of 
sulphur, furnaces for chloridising should be built longer than for 
simple roasting as it is of vital importance to keep the tempera- 
ture low at first, in order to avoid sintering, and to delay the 
volatilisation of salt till nearly all the sulphur has been expelled. 
This requires long furnaces containing four or even five hearths, 
12 feet long. Owing to the low temperature employed, firebrick 
is only required for the interior lining of the firebox and bridge, 
and for that portion of the arch which covers them. Both bridge 
and arch should be perforated to admit a separate supply of air 
for oxidation, previously heated by passage through the firebox 
walls, which are purposely built hollow. This provision is the 
more important when wood fuel is employed. 

Eight four-hearth furnaces are in use at Yedras* each 48 feet 
long by 10 feet wide, with working doors along one side only. 
The hearths are arranged under a horizontal arch, with steps of 
3 inches from one to the next. In these furnaces the steep 
slope of the ground permitted the construction of a large vaulted 
discharge chamber or bin underneath the firebox end of the 
furnace, in which the ore gradually cools off and completes its 
chlorination — an arrangement decidedly to be recommended 
where the configuration of the ground is suitable. 

Superposed Hearths. — ^The employment of reverberatories with 
superposed hearths offers the advantage of some economy in fuel. 
Of this type are the furnaces erected at San Francisco del Oro 
(Chihuahua, Mexico) by Hofmann.f The upper hearth with an 
area of 210 square feet was used exclusively for oxidising- 
roasting, and held two charges at a time of 1 ton each. The 
area of the lower hearth was 220 square feet, and it also held 
two charges, 4 per cent, salt being added to each charge as it 
was dropped from the upper to the lower hearth. Every two 
and ahalf to three hours a charge was finished, and all the others 
were pushed forward a step to admit a fresh charge on the top 
hearth ; the total output of each furnace was therefore from 8 to 
10 tons per day, and each charge remained in the furnace ten to 
twelve hours, one-half the time being spent in oxidising and the 
remainder in chloridising. The ore treated in this furnace con- 
tained 11 per cent. Pb, 25 per cent. Zn, 6 per cent. Fe, 21 per 
cent. S, and small proportions of Cu, Sb, and other metals in a 
gangue of quartz and calcite. The loss of silver in roasting 

* Clemes, Proc. Inst. Civ. Eng., vol. cxxv. , p. 95. 

f E. and M. J., Feb. 23, 1889. For details of newer hand- worked 
reverberatories erected by Mr. Hofmann for this work v. " Lixiviation at 
Sorabrerete " in chap. xli. 
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averaged from 10 to 13 per cent., mAst of wliich took place at the 
end of the oxidising roast before the addition of salt, and even 
this loss was increased directly the temperature was allowed to 
rise above a dull red. According to the chlorination assay only 59 
per cent, of the silver present was soluble in hyposulphite as the 
charge was drawn from the furnace, of which 25 per cent was as 
chloride, the remainder being antimoniate. Owing to the low 
temperature employed the consumption of fuel was small, being 
only one cord of wood per day for each furnace, or about 20 per 
cent, by weight of the ore roasted. The cost of roasting is given 
in Table VIII., pp. 164-5. 

Reverberatory furnaces seem to be exclusively used in Peru 
and Bolivia for the chloridising-roasting of ores as a preliminary 
to tina amalgamation ; the furnaces used at Potosi and Oruro have 
been briefly described in Chapter IV. 

At the Flay a Blanca* Works of the Huanchaca Co., eleven 
gas-fired reverberatories are used, each of the three-hearth type, 
49 feet long by 15 feet wide. Each is worked by four men on 
each twelve-hour shift, paid by piecework. The average charge 
is 1400 kg. (3080 lbs.), and five to eight of these charges are put 
through in twenty-four hours, making the daily capacity of each 
furnace 7 to 12 tons. The gas producers are of the Taylor 
pattern, six in number, and 6 feet diameter by 15 feet high ; the 
pressure of air to the producers is 2| inches of water, that of the 
gas near the producers f inch, and at the end of the long pipe 
line near the furnace ^ inch of water. Using very poor quality 
Chilian coal the consumption averages about 14 per cent, by 
weight of the ore roasted, which is not bad considering the length 
of the pipe to the furnaces. 

At Kosaka (Japan) t an earthy ore containing 2 J per cent. S 
and 8J ozs. Ag per ton is dried in a shelf drier and roasted with 
salt in long three-hearth reverberatories as a preliminary to 
lixiviation. Each hearth is 9 feet long by 12 feet wide and con- 
tains a charge of 1700 lbs., which is only one hour passing 
through the three hearths with constant stirring, so that the 
capacity of the furnace is about 50 tons per day. The back 
hearth is kept dark on account of the continual absorption of 
heat by cold charges ; the front or finishing hearth is kept at a 
bright red. The ore is mixed with 4 per cent, salt and a little 
iron pyrites, and is chloridised to an actual extraction of 84 per 
cent, on the roasted ore, or 78 per cent, on the raw ore, allowing 
for a loss of 7 per cent, by volatilisation. Further data are 
given in Table VIII. 

The chloridising- roasting of low grade copper ores (burnt 
pyrites) preparatory to the extraction of their silver contents by 
the Claudet process is conducted in stationary muffle or rever- 

* E. and M. J., Deo. 28, 1895. 

t Kuwabara, S.M.Q., voL xv., p. 364. 
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beratory furnaces, or in reverberatoriea with circular revolving 
hearths, the percentage of salt used being from 7 J to 10 per cent. 
As the principal object in this case is the extraction of copper 
the temperature is kept lower than in the roasting of silver ores. 
At the Bede Metal Works Gibb revolving hearth furnaces are 
used ; at those of the Tha/rds Co., and in most of the German 
pyrites works, large muffle furnaces are preferred, as permitting 
more perfect utilisation of the chlorine and sulphuric acid'iumes 
in the manufacture of alkali. For details of these furnaces, as 
•well as of the subsequent lixiviation, the student may refer to 
standard treatises on the metallurgy of copper.* 

Where labour is cheap, and the workmen can be easily 
taught, there can be no doubt of the advantages of hand 
reverberatories, in which the necessary salt can be added 
at any given stage of the process. The roasting operation 
is, however, one of some delicacy, and requires a large amount 
of labour which must be of a fairly-skilled character. Under 
North American and Australian conditions, therefore, where 
labour in mining districts is for the most part unskilled 
and always very dear, it is preferable to adopt one or other 
of the types of mechanical furnace in which adjustments can 
be made once for all by the superintendent or foreman, after 
carefully experimenting with each particular class of ore, and 
where subsequent results are much less dependent upon the 
care and attention of the workmen. 

Mechanical Reverberatories. — Several furnaces of this type have 
been used for chloridising-roasting, notably the Ropp, Pearce, 
and O'Hara, for particulars of which v. Part I., Chapter VI. ; 
but no data as to performance have been published. Like the 
hand furnaces, all these furnaces permit of the addition of salt 
at any required stage of the process. A Brown-AUen-O'Hara 
furnace in use at the Cortez mill (Nevada) is said to perfectly 
roast and chloridise 30 tons of ore per day. This is a double- 
hearth furnace ; the upper hearth is used for roasting and the 
lower for chloridising. 

Revolving Cylinders. — There are, as already stated,! two types 
of these — viz., the intermittent, with horizontal axis and partially 
closed ends, and the continuous, with inclined axis and open 
ends. To the first belong the Briichner and Hofmann, and to 
the second the Oxland- Hocking and Howell- White furnaces. 

The Brikkner Cylinder. — This furnace, a modification of the 
old black-ash barrel, is shown in Figs. 51 and 52. J It consists, 
in brief, of a somewhat barrel-shaped wrought-iron cylinder, 
lined with firebrick or sometimes with good red brick, and pro- 
vided with two chilled cast-iron friction rings, h, resting upon 

* Also to Schnabel, ffandbmh der MetaUhuUenJ;unde, vol. i., pp. 223-249. 

t Part ii. , chap. vi. 

J From Messrs Fraser & Chalmers' catalogue. 
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four chilled iron rollers, c, by means of which the cylinder is 
rotated. The ends of the cylinder are partly closed, leaving 
openings only about 2 feet in diameter, and in the central 
portion are four openings closed by hinged doors in pairs oppo- 
site each other, two being for charging and two for discharging. 
From the doors to the openings in the throat, the firebrick lining 
of the cylinder is made conical, which greatly assists the mixing 
of the charge and the exposure of fresh faces to oxidation. The 
cylinder is connected with a fireplace at one end, and with a 
series of dust-chambers at the other end. The earlier cylinders 
were only 12 ft. x 6 ft. ; but the later cylinders, such as those in 
use at the General Custer Mill, Idaho, and figured above, are 
all 18 ft. X 7 ft. diameter. The principle of the intermittent 
revolving cylinders would seem to be inferior to that of the 
continuous cylinders for simple oxidation, but the advantage 
which they possess for chloridising-roasting is that a charge can 
be left in them until the result of a test proves it to be suffi- 
ciently roasted. This is attended, however, by a great dis- 
advantage — -namely, that the continuous rolling motion of the 
charge tends (especially in the case of ores containing calcite 
and galena) to form hard balls in the ore, varying in size from 
the finest gravel up to that of a man's head. This difficulty 
became so serious at the Silver King (Ariz.) and Yedras (Sinaloa) 
mills that the furnaces had to be replaced by hand furnaces, as 
the balls proved almost impervious to solutions. At the latter 
place the percentage of extraction on 60 ozs. ore with 7 per cent. 
salt was only 51 per cent., whereas on the same ore roasted in 
hand reverberatories it was 72 per cent.* The consumption of 
wood may vary from ^^ to | of a cord per ton of ore, or, say, 50 to 
100 per cent, of the weight of the latter. The weight of charge 
treated in the 12 x 6 ft. cylinders was 2 to 4 tons, but the large 
18x7 ft. cylinders take 6 to 8 ton charges. As the time taken 
in roasting and chloridising varies from five to twenty -four 
hours, the output of the small furnace is 3 to 10 tons, and of 
the large furnace 8 to 28 tons per day, according to the amount 
of sulphur present. The lower figures, however, refer only to 
very pyritic ores, and it may be said that with ordinary silver 
ores which are to be chloridised, a small furnace will treat 
6 to 10, and a large furnace 15 to 20 tons per day. The cost 
of a pair of large cylinders erected ready for work may vary 
from £1800 to £2250. Briickner cylinders are in use at a few 
mills in the U.S. and Mexico, and some data referring to their 
performance at the Niederland mill will be found in Table VIII. 
The Bofmann furnace resembles the Briickner, except that it 
is fired from both ends alternately, by which means the heat at 
both ends is equalised. With this system it is possible to 
employ longer cylinders, and the more even regulation of the 
* Daggett, Trans, A. I. M.S., vol. xviii., p. 466. 
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heat is said to render 
the furnace more suit- 
able than the Briickner 
for ores which require 
either a very high or a 
very low temperature for 
chloridisation. The fur- 
nace has been already 
described and figured in 
this series.* 

The Howell- White 
roasting furnace is a 
modification, in cast iron, 
of the OxUind- Hocking f 
calciner introduced so 
many years ago for 
roasting " tin whits," 
and since employed for 
g every kind of roasting, 
)2 the principal modifica- 
d tion consisting in the 
so provision of an auxiliary 
■^ fireplace in the dust-flue. 
It is shown in Fig. 53. 
The outer cylinder is of 
cast iron 24 to 27 feet 
long and 4 to 5 feet in 
diameter, supported on 
friction rollers. Unlike 
the original Oxland and 
White furnaces, which 
are lined with fire-brick 
throughout, and in 
which, therefore, the 
outer casing is of the 
same diameter from end 
to end, the Howell fur- 
nace originally was in- 
tended to have only the 
enlarged part next the 
firebox so lined, the re- 
mainder of the cylinder 
having no lining, as the 
bare cast iron was not 
expected to wear very 

* Rose, Metallurgy of Gold, 
3rd edition, p. 256. 

+ Foster, Ore and Stone 
Mining, 1897, p. 615. 
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much. The fine battery of furnaces erected for the Broken Hill 
Proprietary Co., however, are lined throughout, so that presum- 
ably this feature had to be abandoned. A series of east-iron 
shelves arranged spirally lifts the powdered ore a short distance, 
and then drops it through the flame. A great deal of dust is pro- 
duced in these furnaces, and this is sometimes roasted by means 
of an auxiliary fireplace in the downtake flue, but more fre- 
quently it is taken out at intervals from the dust chambers and 
re-charged into the furnace together with fresh ore, automatically 
or otherwise. The feed being continuous and the inclination of 
the cylinder being usually adjusted once for all on setting it up, 
the time spent by the ore in the furnace can only be regulated 
by increasing or decreasing the number of turns per hour — 
which generally average about fifteen to thirty, though Roth- 
well recommends a 36-foot cylinder which revolves once per 
minute. 

The strong draught in this furnace carries away a large pro- 
portion of the finely-pulverised particles continually falling into 
the cylinder from the feed hopper. Several forms of diaphragm 
have been invented with the object of protecting the falling feed 
from the strong draught, and so keeping the fine dust inside the 
furnace long enough for chloridisation. One of the best is the 
Rumsey diaphragm * in use at the Granite Mountain Mill since 
1866, and shown in Fig. 54. The powdered ore, fed into the 
top of the curved pipe by means 
of the usual worm conveyor, falls 
through it and is deposited on the 
interior surface of the cylinder ; 
while the draught passes out through 
the contracted nozzle which is bolted 
to the cylinder and projects inwards 
a foot or so, its sectional area being 
about half that of the cylinder itself. 
With this diaphragm or with the 
Pardee, which is somewhat similar in action, the proportion 
of flue-dust carried into the dust chambers is not more than 
5 to 8 per cent., instead of 20 per cent, or more without any 
diaphragm. 

For oxidising-roasting this furnace has many advantages over 
the Briickner type, in spite of requiring somewhat more power, 
being heavier and more expensive to set up and more readily 
getting out of order owing to the inclined axis. For chloridising- 
roasting the White type of furnace is much more largely used 
than the Bruckner, having in particular the following advan- 
tages : — (1) Larger capacity per unit of cost; (2) smaller fuel 
consumption ; and (3) absence of " balling," which is so great 

* Goodale, Trans. A.I.M.E., vol. xviii., p. 226; » somewhat similar 
arrangement is in use at Broken Hill. 




Fig. 54. — Rumsey Diaphragm. 
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a drawback on certain ores (Silver King, Yedras, Cusi). Furnaces 
of this type are, therefore, much more largely used in silver 
mills, and are to be found at Granite Mountain and other mills 
in Montana, Palmarejo and others in Mexico, and at Broken Hill, 
N.S.W. 

The consumption of wood may vary from ^ to ^ cord per ton 
of ore, or, say, 20 to 30 per cent, by weight. The quantity of 
ore treated daily per furnace varies from 8 to 30 tons, according 
to the amount of sulphur contained ; but the smaller figure only 
refers to very heavy ores, and of ordinary silver ores a furnace 
27 feet by 4 feet should chloridise upwards of 15 tons per day. 

At San Francisco del Ore Hofmann found that ore containing 
25 per cent, of zinc and 12 per cent, of lead, both as sulphides, 
with very little pyrites, could not be chloridised above 67 per 
cent, in a furnace of this description. He, therefore, supplemented 
it by a small reverberatory hearth with separate fireplace and 
one working door, and added the salt in this hearth, treating 
charges of 1400 lbs. at a time as often as this amount accumu- 
lated in the drop pit. The results were satisfactory, the 
chloridisation being increased to 81 '6 per cent.; some data of 
the work done and its cost are given in Table VIII. 

At the works of the Broken Hill Proprietary Co. (N.S.W.), 
eight Howell furnaces, 33 feet long by 4 feet 3 inches inside 
diameter, are in use for chloridising siliceous iron ores too poor 
in lead and silver for smelting. These ores average about 4 per 
cent. Pb and 10 to 18 ozs. Ag per ton, mostly in the condition of 
iodide and chlorobromide, neither of which is readily attacked 
by lixiviation solvents. About 180 tons per day of this ore* 
are mixed with 50 or 60 tons per day of tailings from the concen- 
tration of lead carbonate ores, which contain 6 to 8 per cent. Pb 
and 8 to 10 ozs. Ag per ton. To the ore 7 to 8 per cent, of salt 
is added, and to the tailings only 5i per cent. The mixture is 
unloaded from trucks into the charging hoppers, and thence fed 
automatically by worm screws into the charging pipes connected 
with the furnaces. The furnaces have 15 inches fall in their 
■whole length (slightly under i inch per foot), and generally 
revolve about twenty -four to thirty times per hour, being 
arranged in pairs which revolve in opposite directions. Of the 
eleven cast-iron rings forming each cylinder only the three at the 
fire end are lined with firebrick, the remaining eight having a 
red brick lining. At 30 revolutions each particle of ore passes 
from end to end in about forty-five minutes, and as the total 
•quantity of ore in the cylinder at one time is about 2 tons 
(forming a layer 9 inches deep at the thickest part), the daily 
output of each furnace is 30 tons. The fuel is coal, costing 
37s. 6d. per ton, the consumption of which is 9 per cent., and the 
<;hlorination test of the roasted ores shows 75 to 80 per cent., as 
* The crushing of this ore has been referred to in chap. vii. 
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against 40 to 50 per cent, before leaching. The flue-dust pro- 
duced, owing to the diaphragms employed, averages only 1 per 
•cent, of the ore charged, and the volatilisation loss of silver is 
under 6 per cent. The roasted ore is discharged from the 
bottom of the hot ore bins into iron trucks, which run under- 
neath each, and the bodies of these trucks are lifted from their 
carriages by a travelling crane, swung, and tipped upon a cooling 
floor, where the ore is wetted down and remains from three to 
four days. " Heap-chlorination " does not appear to come into 
play, for tests of freshly roasted ore show about the same per- 
centage of chlorination as is given by the same ore charged into 
the vats. Further particulars are given in Table VIII. 

These furnaces do very good work, but on such ores it is 
probable that the Stetefeldt furnace would give equally good 
results at less cost for fuel and power. 

Shaft Furnaces.— Practically only one furnace of this class is 
used in chloridising-roasting. 

The Stetefeldt furnace is more widely used in large establish- 
ments than any other type. It is shown in section in Fig. 55,* 
and consists in brief of a perpendicular shaft slightly tapering 
upwards, and varying in height from 30 to 45 feet, according to 
the amount of sulphur in the ores to be treated. The section of 
the shaft is square, from 4 to 6 feet in width, giving an area of 16 
to 36 square feet, according to the capacity desired. The shaft is 
heated by gas produced in independent generators at the sides, 
and the finely pulverised ore (40 to 60 mesh usually) mixed with 
salt is showered down through the flame by means of a special 
feeder at the top. The powerful upward draught carries off a 
large proportion of the flne dust (from 20 to 50 per cent, aver- 
aging, perhaps, 40 per cent.), which is roasted and chloridised in 
the downcast flue by means of an auxiliary gas fire as it passes 
to the series of dust chambers. The walls of the shaft are hollow 
enclosing a sealed non-conducting air space to keep the heat 
uniform, and the discharging of the furnace and dust flue is 
effected on the side opposite the gas generators. Referring to 
the figure, A is the Stetefeldt feeder referred to in more detail 
below, B is the shaft, the hopper in which the roasted ore 
accumulates and from which it is discharged at intervals into a 
hot ore truck ; G G are the two gas ports connected with the 
generators, and M M air ports, the mixture of gas and air burning 
in the fireboxes, O O. At Q Q are doors to admit air and for 
cleaning the hoppers, at R II doors through which the firebridges 
can be cleaned. The gases and dust descend through the flue, 
H (which is heated by the auxiliary gas fire, E, and can be 
cleaned through the doors, S), and passing through the enlarged 
dust flue, D, a large part of the dust settles out and is collected 

* For other j views of this furnace i: Trann. A.I.M.E., vol. xxiv., 
pp. 5 and 6. 
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in the hoppers, F F. From D the gases pass to a long series of 
dust chambers before being allowed to escape by the stack. 
The Stetefeldt feeder is composed first of a hollow water-cooled 




Fig. 55. — Stetefeldt Furnace. 

cast-iron base, covered by a fine punched screen supported on a 
coarse cast-iron grating. Above the screen is a wrought-iron 
box, the bottom of which is a yrire-mesh screen of about | inch 
meshes, and which, resting on Motion rollers, is made to oscillate 
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by means of eccentrics a distance of about 3 inches from twenty 
to sixty times per minute. This box is full of pulp, the upper 
layers of which are prevented from moving with the box by 
means of a series of blades fixed to brackets connected with 
the cast-iron base, their lower edges reaching down nearly to the 
moving screen. As soon as the driving shaft is set in motion the 
meshes of the coarse wire screen cut through the lowest stratum 
of ore, and drive it through the openings of the fine-punched 
screen. 

The gas generators, firebox, and bridges, and the hot ore 
hoppers of the Stetefeldt furnace are lined with firebrick, all the 
remainder being of common brick, except the foundations. The 
ironwork of the furnace is elaborate, old 30-lb. rails being liberally 
used in the walls, while anchor rods are laid in 6-inch by 3-inch 
holes left in the brickwork for that purpose at short intervals ; 
the total weight of ironwork in a large furnace being about 22 
tons. The total cost of a large furnace erected ready for work 
will not be less than £2000, and may reach £3000 or £4000, 
according to locality, cost of freight, price of bricks, &c. 

The amount of fuel required by the Stetefeldt is less than by 
any other type of furnace treating similar ores, j-^ to ^V '^^ * 
cord of wood per ton of ore (12 to 16 per cent, by weight) being 
usually found snfiicient when burnt in a suitable gas producer. 
Stetefeldt* prefers the Taylor producer, and uses spiral-weld 
steel tubes without any lining, but provided with expansion 
joints, for making connection between the producer and furnace. 
Goeiz and Blauvelt^ recommend sheet-iron pipes with a firebrick 
connection, so as to allow of burning out the tar which settles 
there ; they also recommend the Wellman producer as costing 50 
per cent, less than the Taylor and working better. The amount of 
fuel required rapidly decreases with larger furnaces and increased 
tonnage, as shown by the following figures from different mills: — 



Name ol Mill. 


Tons per day. 


Cords Wood 
per ton. 


Lbs. Coal per ton in 
Taylor Producer. 


Ontario, . 
Marsao, . 
Holden, . 


40 
70 
90 


019 

013 

not tried. 


225 = 11-5 per cent. 
142 = 7-1 ,. 
117 = 5-8 „ 



Ore for the Stetefeldt furnace does not require to be pulverised 
any finer than for good work in a revolving furnace ; the degree 
of fineness will depend entirely on whether the silver-bearing 
minerals occur as distinct granules or as fine impregnations. 
The Ontario ore, for example, in which the chief silver-bearing 

' Trans. Fed. Inst. Min. Eng., vol. viii., part i., p. 93. 
+ Trans. A.I.M.E., vol. xxiii., p. 587. 

11 



162 THE METALLURGY OF SILVER. 

mineral is fahlerz in bunches with other sulphides, yields over 
90 per cent, of its silver to the Eussell process when crushed 
only through a 10 mesh before roasting, and it is not found 
advisable to crush it finer than 16 mesh. This ore, however, is 
exceptional,* and very few ores can be as successfully roasted 
with so coarse a crushing. 

Quartzose and earthy ores usually require for chloridisation 
a high temperature and large fuel consumption ; leady and anti- 
monial ores a low temperature. Heavy ores containing a large 
proportion of galena, blende, or pyrites require the feeder to be 
driven slowly while a high temperature and strong draught 
(which means high dust losses) are kept up in the shaft ; and 
even then the oxidation, and therefore the chloridisation of the 
ore as withdrawn from the furnace, is very incomplete. It may 
be said that approximately complete oxidation of ores containing 
upwards of 15 per cent. S is not possible in the Stetefeldt furnace, 
which is only really suited to the treatment of the so-called 
" light ores " containing less than 8 per cent, of S as sulphides.! 
This coincides with the experience of O. Hofmann at Parral, 
who found that with ores rich in lead and zinc most of the ore 
particles were, owing to the high temperature, slagged into 
minute black globules, which were only partially chloridised 
(17 per cent.) and which were very difficult to re-roast. This is 
opposed to the claim made by extreme advocates of the Stetefeldt 
furnace that it is applicable to every kind of ore, and that the 
principle of a short exposure to a high temperature is the right 
one for chloridisation. 

As the ore reaches the bottom of the shaft it is only imper- 
fectly chloridised, but the percentage of chloridisation increases 
the longer it is allowed to remain in the hopper before with- 
drawal. At the Lexington Mill the ore on reaching the bottom 
of the shaft only shows 60 to 65 per cent, of the silver to be 
chloridised, whereas after two hours in the hoppers the per- 
centage rises to 75 or 80 per cent., and after thirty-six to forty- 
eight hours on the cooling floor to 92 or 93 per cent, of the total. 
It is perhaps not remarkable that the finer particles of the ore 
which are carried over with the draught and taken out of the 
first flue-hopper, besides being richer, should show a higher per- 
centage of chloridisation than the ore which collects in the shaft- 
hopper. The deposit from the dust chambers is usually, though 
by no means invariably, poorer than the original ore (owing 
partly to condensation of volatile bodies, including salt and com- 
pounds of lead) ; but the percentage of chloridisation appears to 
he also higher. The following figures show the relative weights, 
assays, and percentages of chloridisation in the shaft and flue 

* Its composition is given in Table IX. 

tGodshall, Proc. Colo. Sci. Soc, Maf, 1893; also Trans. A.I.M.E., 
Pittsburgh Meeting, Feb., 1896. 
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respectively, at the Ontario,* Solden,j and Marsact mills; the 
percentage of chloridisation at the second of these does not show 
up very well because the assays were taken as drawn from the 
furnace, whereas the Ontario figures refer to ores taken from 
the cooling floor : — 

TABLE VII. — Work Done by the Stetefeldt Furnace. 





Ontario 
after cooling. 


Holden 
as drawn. 


Marsac. 


Shaft. 


Flue. 


Shaft. 


Flue. 


Cham- 
ber. 


Shaft. 


Flue. 


Cham- 
ber. 


Percentage of total 

roasted ore, . . 
Assay in ounces per 

ton 

Percentage of assay 

of raw ore, . . 
Chloridisation by 

hypo, test, . . 


69-7 

87-7 


86-0 
91-8 


53-1 
27-8 
99-5 
43-5 


33 
25-0 
89-5 
59 1 


13-9 
18-3 
65-6 
64-2 


31-7 

89-0 


56-1 
1090 


13-2 
113 



There is little danger of sintering even plumbiferous ores in 
this furnace, owing to the fact that the particles of ore while 
exposed to the heat are separated from each other ; and once 
the conditions (proportion of salt, amount of draught, rate of 
feed, &c.) have been determined by experiment for any given 
ore, the furnace manipulation demands no special skill or atten- 
tion on the part of the workmen, except as regards the firing, 
which should be as uniform as possible. But little labour is 
required. As the ore is raised by an elevator to the charging 
floor and tipped direct into the feed-hopper, one man per shift 
■can easily attend to the charging as well as to the firing. Two 
men per shift are required for the work of discharging the 
roasted ore and spreading it on the cooling floor. When treat- 
ing "heavy ores," the output being small, 12-hour shifts are 
worked ; but with " light ores," which can be roasted at a greater 
rate, the shifts are only eight hours each. 

The perfection of the oxidation depends entirely on the com- 
position of the ore. At the Holden § mill, a mixture of Aspen 
ores containing 8 per cent. S as sulphides is roasted down to 
'0"2 per cent, of S, whereas at San Francisco del Oro \\ an ore 
containing 21 per cent. S still contained after roasting 8| per 

* Egleston, op. cit. , p. 257. 

+ Morse, Trans. A.I.M.E., vol. xxv., p. 142. 

j Stetefeldt, Trans. Fed. Inst. Min. Eng., vol. viii., part i., p. 93. 

§ Trans. A.I.M.E., vol. xxv., p. 139. 

\\E. andM. J., Feb., 1889. 
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TABLE VIII.— Chloridising- 





San Fr'cisoo 
del Oro, 

Chihuahua, 
Mexico. 


Kosaka 

Keduction 

Worlcs, 

Japan. 


Sombrerete, 

ZacatecaB, 

Mexico. 


Reference, . 


1. 


2. 


3. 


Type of roasting furnace, . 


Reverbera- 

tory 


Reverbera- 
tory 


Reverbera- 
tory 


Dimensions — Length or height, . . feet 


42 


27 


30 


„ Width or diameter, . ,, 


10 


12 


10 


Quantity of ore in furnace at once, 


4 tons 


5100 lbs. 


3 tons 


Time each charge in furnace, . hours 


10-12 


1 


24 


Weight of each charge, 


1 ton 


1700 lbs. 


1 ton 


Total output of furnace per 24 hours, tons 


8-10 


51 


3 


Percentage of salt employed, 


4 


4 


6 


Average contents of raw ore, ozs. silver 


28-85 


8-5 


41-9 


Silver contents of roasted ore, . . ozs. 


26-10 




42-6 


Percentage of sulphur in raw ore, 


21-0 


2-6 


26-4 


Percentage of ohlorination by assay, . 


83 


75 


90 


Loss of silver by volatilisation, . per cent. 


10-13 


7 


4-8 


., gold 








Cost of salt per ton of 2000 lbs. , 


£3 3 6 




£3 


Percentage of wood required for roasting, 


19-5 


13 


33 


coal 








Cost — Labour, 


£0 3 3 


\ 


£0 3 6 


Power, 


nil 






Fuel 


2 5J 


No 


3 9i 


Oil, light, and tools, . 


ej 


details 


2J 


Salt, 


2 6 




3 7i 


Superintendence, repairs, &c.. 
Total per ton of 2000 lbs.. 


6 


/ 




£0 9 3 


£0 5 1 


£0 11 IJ 



* i per cent, sulphur is added to this ore before roasting. 

Se/erences.—l. Hofmann, K and M. J., Feb. 23, 1889. 2. Kuwabara, S.M.Q., 
vol. XV., No. 4, p. 363. 3. Private commn^nication, O. Hofmann, Nov., 1896. 
4. Hofmann, E. and M. /., Feb. 23, 1889. 5. Goodale, Trans. A.I.M.E., vol. 
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Roasting. 1 ton = 2000 lbs. 





w.«Vl^ 












San Fr'cisco 
del Oro, 

Chihuahua, 
Mexico. 


Znoxville 

Mill, 

Tombstone, 

Arizona. 


Broken HUl 
Proprietary, 
Broljen HUl, 

N.S.W. 


Nlederland 

Mill, 

Caribou, 

Colorado. 


Manhattan 

MiU, 

Austin, 

Nevada. 


Maisac Mm, 
Utah 
(Daly). 


Holden Mill, 

Aspen, 

Colorado. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


White- 
reverb. 


Howell 


Howell 
(mod.) 


Briiokner 


Stetefeldt 


Stetefeldt 


Stetefeldt 


24 


24 


33 


12 




50 






4 


4'3"dia. 


5' 6" 




6' X 6' 


6' X 6' 




14 tons 


2 tons 


3700 lbs. 








12 




i 


8 
3700 lbs. 








8i 




30 


5 




70 


82 


4-7 


6 


7 


5 


7 


8-0 


12-2 


26-85 


50 


11 






37-28 


27-92 


26-10 










36-03 


24-63 


21-0 


01 




3-0 




0-7* 


8-10 


81-6 


86 


80 




90 


92-4 


79 


7-9 




under 6 








9-16 


£3 3 6 


£6 2 6 




£12 1 


£8 6 8 




£1 9 84 


27 


26 


9 




17-6 


16 


5-8 


£0 1 10 




\ 


£0 2 24 


£0 4 2 


£0 1 


£0 1 4 


2 2 






2 34 


nil 


nil 


nil 


3 7 


£0 8 4 


No 


2 11 


3 8 


1 94 


9 


7 




details 


1 


2 




3 


2 7 


7 6 




14 7 


11 8 


3 


3 74 


6 




/ 




... 






£0 11 3 




£0 5 2 + 


£1 2 1 + 


£0 19 8 + 


£0 5 94 


£0 5114-1- 



xvii., pp. 771 and 773. 6. Annual report, 1896, and Private notes. 7. Egleston, 
op. cit., p. 238. 8. Egleston, op. cit., p. 259, &o. 9. Private communication, 
R. B. Watson, Nov., 1896. 10. Morse, Tran,i. A.I.Af.E., vol. xxiii., pp. 6tolO 
of paper. 
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cent. S in the sulphide condition, the chloridisation being very- 
incomplete, and similar results are reported from gombrerete.* 

The advantages and disadvantages of the Stetefeldt furnace 
may be summarised as follows : — 



Advantages. 

1. Very large capacity on ores 
containing less than 6 per cent, 
sulphur. 

2. Small amount of fuel required. 



3. Practically no power required 
as compared with the revolving fur- 



4. Possibilityofleavingtheroasted 
ore in the hoppers as long as con- 
venient, whereby the percentage of 
chloridisation is largely increased 
without any further volatilisation 
loss. 

5. Thedust produced is well chlori- 
dised. 



, Disadvantages. 

1. Verj' heavy first cost. 



2. Small capacity and imperfect 
oxidation when treating ores with 
over 10 per cent, sulphur. 

3. Inapplicability to ores consist- 
ing principally of galena and blende, 
the particles of which melt on the 
outside and form an impenetrable 
skin almost as soon as they enter 
the furnace, 

4. Clogging and crusting of the 
screens and passages when using a 
heavy percentage of salt. 



5. Volatilisation loss much higher 
than in reverberatory furnaces in 
which the heat is kept low and salt 
added only after complete oxida- 
tion. 



6. Probably lower volatilisation 
loss than in any of the revolving 
furnaces. 

The Stetefeldt furnace was designed for the chloridising- 
roasting of non-pyritic silver ores containing under 10 per 
cent, sulphur to fit them for amalgamation or lixiviation pro- 
cesses, and practically is only suitable for this work, f Pyritic 
ores should always be roasted fairly well prior to chloridisation, 
either in heaps as at Sombrerete (Mex.) and Potosi (Peru) or in 
some other type of furnace. Galena ores should never be roasted 
in the Stetefeldt furnace. 

A number of figures relating to the performance of different 
roasting appliances under different conditions are given in Table 
VIII. 

Composition of Chloridised Ore. — Stetefeldt gives the compo- 
sition of Ontario ore roasted in a Stetefeldt fvirnace. Before 

* E. and M. J., April 8, 1893. 

+ Stetefeldt, Trans. Fed. Inst. Min. Mng., loc. cit. ; witness also its utter 
failure at Sombrerete and other places. 
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roasting the ore contains blende, 15 per cent., galena 7-6 per cent., 
fahlerz 4-55 per cent., pyrites 3-50 per cent., and gangue (with 
9 per cent, total sulphur) 69-35 per cent. After roasting it 
contains* copper chlorides 0-25 per cent., ZuCl2 1*38 per cent., 
Al2Clg 1-51 per cent., NaCl 3-68 per cent., PbSO^ 3-26 per cent., 
Al2(S0^)g 0-56 per cent., NagSO^ 4'62 per cent., together with 
traces of other metallic chlorides and sulphates, the remainder 
being metallic oxides and gangue. 

Percentage of Salt Required The percentage of salt employed 

varies within very wide limits according to the nature of the 
ore, from 2| up to 18 per cent. At Panamint (Cal.) only 3 per 
cent, was used in a Stetefeldt furnace, and the percentage of 
chloridisation reached 95 per cent., but the ores were very 
docile. At iian Francisco del Oro 12 per cent, gave the best 
results in a Stetefeldt furnace, a larger quantity not only giving 
trouble with crusts but actually lowering the degree of chloridi- 
sation ; the same ores, however, in the reverberatory and in 
a White-reverberatory required only 4 per cent, of salt. At the 
Ontario mill experiment proved that the percentage of silver 
chloridised was increased, with augmented proportions of salt, up 
to 15 per cent. At Yedras, Promontorios, and other Sonera mills 
from 3 to 6 per cent, salt is found sufficient. It is quite probable 
that in many mills too much salt is being used, and that better 
results would be shown by slower roasting at a lower tempera- 
ture with a smaller percentage of salt. 

Loss of Silver by Volatilisation To this most important point 

too little attention has hitherto been paid, owing partly to the 
fact that in many cases the loss of weight in roasting more than 
balances the loss of silver by volatilisation, so that the roasted 
ore assays nearly or quite as high as the raw ore. Some of the 
best experiments on the subject of the volatilisation of gold are 
those of Stetefeldt t and Christy, J but the published experiments 
on the volatilisation of silver appear to be fewer and less syste- 
matic ; some valuable results, however, are those of Russell ij 
and Godshall. II The chief factors which determine the loss of 
silver are : — (1) Time involved ; (2) temperature ; (3) amount of 
surface exposed and proportion the latter beai-s to the volume 
of gases brought into contact therewith; and (4) the presence 
of As, Sb, Se, Te, and other volatile elements. 

Roasting tests are commonly made by mixing a weighed quan- 
tity of ore with the necessary amount of salt, and exposing in 
a muffle for a given time, with or without stirring. As a rule, 
the volatilisation loss shown in this way is much higher than 
that experienced on the large scale, because the surface exposed 

♦ Trajis. A.I.M.E., vol. xxiv., p. 17. 

t Trans. A.I.M.E., vol. xiv., p. 336. Xld., vol. xvii,, p. 3. 

§ Stetefeldt, Trans. A.I.M.E., vol. xiii., p. 70. 

II Trans. A.I.M.E., Pittsburgh Meeting, Feb., 1896. 
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is not only greatei- but the volume of air brought into contact 
with each particle is larger, and the atmosphere is more oxidising. 
With gold, an oxidising atmosphere, except in presence of tellu- 
rium, gives rise to scarcely any volatilisation, which, however, 
is considerable as soon as the atmosphere becomes chloridising, 
while the loss of gold is found to be directly proportional to the 
time during which the ore is exposed to chloridising influences. 
It is, therefore, always advantageous on purely gold ores to first 
roast to complete oxidation and then chloridise. Silver behaves 
a little differently inasmuch as there is usually much volatilisa- 
tion before the end of the oxidation period, but experiments 
on the question of subsequent volatilisation after addition of 
salt are inconclusive ; in some cases a large percentage of 
salt appearing to result in lower volatilisation losses than 
a smaller quantity. This if well authenticated can only be 
explained on the supposition that silver chloride is actually 
less volatile in an atmosphere containing a large proportion of 
chlorine and salt vapour than in one consisting chiefly of air.* 
With silver ores consisting largely of earthy or siliceous gangue 
and poor in sulphur the loss of silver is usually greater when 
the salt is added after an oxidising roast, whereas with heavy 
sulphide ores it is generally less, owing no doubt to the quantity 
of sulphates and of undecomposed sulphides left after roasting. 
The sulphates decompose the salt very completely, and although 
the actual amount of silver volatilised on the finishing hearth 
may be greater, it is largely re-condensed and re-absorbed by the 
ore on the cooler hearths through the reducing action of the SO.,, 
as shown by Christy. Thus Wendt found at Potosi f that the 
loss when using Howell revolving furnaces was from 10 to 15 
per cent, on a 100-oz. ore, whereas when these furnaces were 
replaced by 3-hearth (superposed) gas-fired reverberatories and 
the salt added on the lowest hearth the loss was kept down to 
5 per cent. A smaller quantity of salt suffices when added in 
this way after an oxidising roast than when added at the begin- 
ning. 

Influence of Time. — That time is an important factor in deter- 
mining the volatilisation loss is well shown by a series of experi- 
ments due to Russell,J who roasted typical ores from six leading 
Western mines, without salt, in a muffle at a dull red heat, during 
periods which increased by half-hours from thirty minutes up to 
three hours. The samples showed a gradually increasing loss, 
which was, however, much more regular in some cases than in 
others, and a summary of the results was as follows : — 

* V. the remarks on the volatilisation of silver in chap. i. , p. 2. 

t Trans. A.I.M.E., vol. xix., p. 101. 

t Quoted by Stetefeldt, Trans. A.I.M.E., vol. xiii., p. 70. 
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Highest. 


Lowest. 


Average. 


After half-hour's roasting, 
,, three hours' ,, 


4-8 
17'B 


0-7 
21 


2-6 
8-5 



Time, however, only increases the volatilisation of silver when 
both heat and air are in excess. There is no volatilisation in 
heap-ohloridisation, and very little in a reverberatory when, after 
an ore has been roasted, it is retained in the furnace for several 
hours at a low temperature, all the dampers and working doors 
being closed. It is probable, therefore, that time only becomes 
a factor in so far as it increases the frequency of contact between 
the molecules of oxygen and other gases present and the particles 
of ore, since when the draught is stopped there is no volatilisa- 
tion. 

Influence of Temperature. — Temperature seems to be a much 
more important factor. Thus Clemes* quotes some experiments 
at a Sonora mill, where, with temperatures on the final hearth 
of cherry-red, red, and dull red respectively the furnace losses 
of silver on the same ore during the same periods of time were 
15*9 per cent., 13'7 per cent., and 11'6 per cent., of which fully 
•one-half occurred in the final chloridisation stage, while in another 
case when the ore was discharged before chloridisation the loss 
was only 6"3 per cent. This suggests the advantage of com- 
pleting the chloridisation whenever possible outside the furnace, 
preferably in some form of masonry bin in which the cooling of 
the ore can be utilised to yield a supply of hot air for the furnace. 
Russell's experiments,! already referred to, also show volatilis- 
ation losses on Ontario ore of 8'3 per cent, at a "dark red," 
and of 17 '6 per cent., or more than double, at a cherry-red. 
Hofmann J mentions that at Yedras the volatilisation loss varied 
between 2 per cent, and 18 per cent, in reverberatories, a high 
temperature being accompanied by a high loss and vice versd. 
It is worth noticing that on this heavy ore the percentage of 
■chloridisation was inversely proportional to the temperature, 
a loss by volatilisation of 2 per cent, corresponding with a 
chloridisation of 81-5 per cent., and a loss of 18 per cent, with 
a chloridisation of 72-5 per cent. The two losses, therefore, 
give a combined result equal to 25 per cent, in favour of low 
temperature. According to the same author the results at 
San Francisco del Oro in the combined White- reverberatory 
also prove the loss to increase in proportion with the tempera- 
ture, the extreme variations being 2 to 15 '5 per cent, and the 

* Proc. Inst. Civ. Eng., vol. cxxv., p. 107. 
tStetefeldt, Trans. A.I.M.E., vol. xiii., p. 70. 
XE. and M. J., Feb.. 1899. 
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average 7-9 per cent. Temperature, therefore, must be looked 
upon as a more important factor than time in determining the 
volatilisation loss on any given ore, though the contrary was 
always taught by the late C. A. Stetefeldt. 

Influence of Volatile Elements. — The influence of As, Sb, Bi, 
Se, Te, and other volatile elements on the volatilisation of silver, 
though known to be very important, has not been systematically 
studied. The very high losses sometimes shown by muffle tests 
at a comparatively low temperature are no doubt in many 
cases attributable to the presence of traces of Se, Te, and other 
elements. 

At the Holden * Mill (Aspen), where over 30,000 tons of ore 
were put through during the year 1892, it was found, by means 
of careful weighing, assaying, and sampling throughout the 
entire process, that the ore gained weight to the extent of 
2'97 per cent., including the sodium sulphate formed during 
roasting, but that the loss of silver by volatilisation averaged 
9'16 ppr cent. Stetefeldt claimed t that the loss in the Stetefeldt 
furnace is lower tlian in revolving furnaces, and referred to his 
own experiments which prove a smaller loss in roasting Ontario 
ore in a Stetefeldt than in a Howell furnace. The former 
also has the advantage over other automatic furnaces that the 
dust is perfectly chloridised, whereas in revolving furnaces it 
must be chloridised either in a separate auxiliary fireplace or 
by returning it to the same furnace. The claim, however, that 
the volatilisation loss of silver is usually lower than in the rever- 
beratory is untenable, and, in particular, is contrary to the 
experiments quoted by Godshall, J which show that on Aspen 
ores the loss in reverberatories averages only 4'2 per cent., as 
against 9 per cent, in the Stetefeldt and 29 to 70 per cent, 
experimentally on the small scale of the muffle. 

Diminution of Volatilisation Loss. — The volatilisation loss may 
be somewhat diminished by various expedients. A jet of steam 
through the firebridge, as first suggested by Percy, is found in 
some cases to greatly diminish volatilisation. § Steam acts by 
decomposing volatile metallic chlorides, which carry off silver 
chloride with them, forming hydrochloric acid which tends to 
keep the silver chloridised. Steam may also assist in keeping 
the temperature even inside the furnace, heat being in the hottest 
part absorbed by dissociation and evolved by recombination at a 
distance from the firebridge. According to Clemes || the use of 
steam in Sonora plants has been abandoned as it is not found to 
give any increase in chlorination ; he says, however, nothing 

* Morse, Trans. A.I. M.S., vol. xxv., p. 137. 

ilbid., p. 147 ; also Trank A.I.M.E., vol. xxiv., p. 10. 

% Trails. A.I.AJ.E., Pittsbuygh Meeting, Feb., 1896. 

§ V some tests by Clark, Trans. A.I.M.E., vol. xiv., p. 399. 

II Proc. Inst. Civ. Eng., vol. cxxv., p. 103. 
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about the diminished volatilisation, so possibly no experiments 
have been made on this point. 

In the case of ores containing much zinc at the Alonlton* mill 
volatilisation of silver was checked by a liberal addition of 
oxidised manganese ores. These act, no doubt, by decomposing 
metallic chlorides and liberating chlorine ■which tends to keep 
the silver chloridised. At Ontario it was similarly found that 
the loss was less with a high proportion of salt. 

In spite of the various precautions tak,en, it is probable that 
the loss of silver by volatilisation during chloridising-roasting, 
taking a general average of all the various plants and localities, 
is little, if any, under 8 per cent. The extra cost of a chloridising 
roast may be reckoned at between 5s. and 15s. per ton, accord- 
ing to the percentage of S, cost of fuel, and the amount and cost 
of salt required ; so that taking lOs. per ton as an average figure 
this is equal to 4 ozs. of silver (at is. 6d. per oz.) or 16 per cent, 
on a 25-oz. ore. Adding the volatilisation loss of 8 per cent., 
the extra cost of roasting in the case of a 25-oz. ore is no less 
than 24 per cent, of its total gross value ; so that an extraction 
of 60 per cent, by any process of raw treatment would be as 
economical as one of 84 per cent, by the roast-chloridising 
process.! It may well be doubted, therefore, whether "the 
game "is always "worth the candle," and whether it would not 
be preferable in many cases to adopt some other process for 
treating such ores. Practically speaking, few ores under 30 ozs. 
per ton will pay for treatment if they have to undergo the 
processes described in this chapter, unless the conditions are 
exceptionally favourable as regards cost of mining and facilities 
for obtaining supplies. It should be understood, however, that 
where roasting has to be adopted it is actually the crucial point 
of the whole process, especiallj' with heavy sulphide ores ; and 
that no attention in the subsequent lixiviation can compensate 
for want of care in obtaining a perfect chloridisation, the extra 
cost of which over a partial roasting is very small, while its 
results are of the first importance. 

* Clark, Trans. A.I.M.E., vol. x\-ii., p. 775. 

+ Or, in other words, a raw extraction of 78 per cent, of the assay of the 
raw ore is, under these conditions, exactly equivalent to the so-called 
extraction of 91 '3 per cent, on the roasted ore, allowing for the volatilisa- 
tion loss, and the whole extra cost of roasting plant and of crushing and 
drying the salt is saved. 
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SECTION III— LIXIVIATION PEOCESSES. 



INTRODUCTORY. 

The object of lixiviation processes is to extract the silver from ores 
or metallurgical products in the form of a solution, from which the 
metal may, by appropriate means, be subsequently precipitated 
in a convenient form. Practically, there are only two salts of 
silver which can be employed, viz. — the chloride and the 
sulphate ; the latter requires only hot water for its solution, 
while the former may be simply dissolved out by means of brine 
or decomposed by sodium hyposulphite (thiosulphite), with which 
silver forms a series of soluble double salts.* From the aqueous 
solution of its sulphate, silver may be precipitated in the metallic 
form by copper ;f from the brine solution of its chloride it may 
be precipitated either as metal or, in very dilute solutions, as 
iodide [Glaudet process). From the solution of double hyposul- 
phites, silver is always precipitated as a bulky sulphide, which is 
afterwards refined in various ways. There are thus three main 
series of processes for the lixiviation of ores, viz. : — The Augustin 
process based upon the solubility of silver chloride in brine, the 
Ziervoyel process based upon the solubility of silver sulphate in 
hot water, and the Patera (Kiss and Russell) processes in which 
silver chloride is decomposed and taken into solution by sodium 
hyposulphite, commonly called "hyposulphite," or simply "hypo." 

The ready solubility of silver chloride in ammonia has sug- 
gested attempts at an ammonia process which was actually 
experimented with at Broken Hill, for treating the Kaolin ores 
rich in haloid salts of the metal. As might have been anticipated, 
however, the loss of ammonia was altogether too great, to say 
nothing of other inconveniences connected with its use. 

Silver chloride ores can sometimes (though rarely) be sub- 
mitted to lixiviation without any yireliminary preparation other 
than crushing, and in this case the solution employed is generally 
the hyposulphite, on account of the much greater solvent power 
of this medium. f In most cases, however, both ores and metal- 
lurgical products have to be first subjected to a chloridising 

* ('. chap, i., p. 17. 

t Also by zinc or iron, btit copper is in practice found preferable. 
% The solubility of silver chloride in brine and in hypo, respectively is 
very nearly as 1 : 100. 
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roast in order to bring the silver into a soluble condition. The 
Ziervogel process is characterised by an almost dead roast without 
salt conducted in a peculiar manner. 

Analyses of Lixiviated Ores. — Analyses of some ores subjected 
to lixiviation after a chloridising roast are given in Table IX. 

It will be convenient to describe first the Augustin process, 
which is the oldest of all, together with the Ziervogel process 
which has replaced it for the treatment of argentiferous mattes. 
The various modifications [Patera, Kiss, and Jiussell) of the im- 
portant hyposulphite process will then be discussed in two 
separate chapters, one referring chiefly to the principles, chemical 
reactions, solutions, precipitants, and theory of the processes 
involved, while the other will give details of plant, and examples 
from practical work. 



CHAPTER X. 



THE AUGUSTIN, CLAUDET, AND ZIERVOGEL 
PROCESSES. 

The Augustin Process. — This process was invented at Mans- 
feld as a substitute for the barrel-amalgamation of argentiferous 
mattes. The matte was crushed, roasted with salt, leached with 
brine, and the silver precipitated upon metallic copper, the latter 
being reprecipitated upon scrap iron. The process was also 
introduced at Freiberg for treating similar material, but at 
both places it has been superseded, at Mansfeld by the cheaper 
Ziervogel process, and at Preiberg by a sulphuric acid leaching 
process which will be described in connection with the treat- 
ment of silver-bearing mattes. 

The operations as formerly carried out at Preiberg have been 
well described in many metallurgical text-books,* so that a 
short sketch will be sufficient here. Lixiviation and precipitation 
alike took place in a series of wooden tubs provided with false 
bottoms and arranged in five rows, one beneath the other. The 
top row consisted of a large number of tubs used for lixiviation, 
running on wheels so as to be brought above the precipitation 
tubs, or taken away to be emptied. Each contained 8 cwts. of 
roasted matte, and the solution of brine heated by steam pipes 
was run on from a general storage tank. The silver solution 
was received in a settling tank, from which it continuously 
percolated through cement copper contained in two series of 
.tubs, the copper in the solution being recovered by passing it 

■" V. Phillips, Elements of Metallurgy, 1891, pp. 782-784. 
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through two other series of tubs containing scrap iron. The 
refuse brine containing FeClj was pumped back into the brine 
storage tank. The percentage of extraction in the process was 
from 88 to 92 per cent., the remainder being left in the copper 
oxide residues which were sniflted to metal. 

Lixiviation at Kosaka. — At Kosaka (Japan)* the Augustin 
process is employed for the treatment of an earthy ore containing 
lOJ ozs. of silver, the composition of which is given in Table IX. 
The ore is first roasted with salt {v. Chap. IX. and Table VIII.), 
by which means, after moistening on the cooling floor, something 
like 80 per cent, of the silver is converted into chloride. 

The lixiviation vats are of wood, twenty-one in number, and 
elliptical in shape, their dimensions being 7 feet long, 5 feet 
wide, and 2 feet 6 inches deep, and the capacity of each 2 tons of 
roasted ore. The false bottom is a wooden grating with 1 inch 
holes, and the filter cloth is composed of two sheets of straw 
matting. The vats are filled with ore, and hot brine containing 
18 per cent, of NaCl by weight is run on from the storage tank 
by means of a launder which runs the whole length of the row. 
The leaching is continued until a polished plate of copper held at 
the discharge tap shows no further trace of silver, when the flow 
of brine is cut off and the effluent stream turned away from the 
lirecipitation tanks into the brine sump, the brine in the tailings 
being washed out by a stream of warm water. The operation of 
silver leaching takes ten and a-half hours, and requires 41 cubic 
feet of brine (20^ cubic feet per ton) ; the washing with water 
taking about one hour. The tailings are shovelled out into 
trucks and run away to the waste heap. 

Precipitation. — The precipitation tanks are built of brick lined 
with cement instead of wood, as is usual ; a section through the 
system is given in Fig. 56, in which a is the brine launder, h the 
wash-water ditto, c the leaching vats, d the top settling tanks, 
and e, f, and g successive rows of precipitation tanks. The upper 
settling tanks, d, serve only to settle out fine ore slimes and basic 
salts of iron in the liquors, which would also separate out in the 
silver tanks, e and^ were they not prevented from contaminating 
the precipitate by wooden frames let into the tanks a few inches 
below the surface of the liquid, over which straw matting is 
stretched to form a filtering bottom. The silver tanks e and / 
are provided with false bottoms like those of the leaching vats, 
and over which a 2-inch bed of bean-shot copper is spread to form 
a filter bottom. Upon this bed rest a number of "tiles" of 
copper, 8 inches by 6 inches by 1 inch, bent like roofing tiles and 
laid similarly. The lowest tank, g, is filled with sciap iron for 
precipitating the copper. Each precipitating tank is 125 feet 
long, divided into eight compartments, so as to permit of cleaning 
up without interference with the regular work, each silver tank 
* S. oj M. Q., vol. XV., p. 355. 
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being cleaned up once a month and each copper tank once in 
four days. The brine from the last tank flows to the brine 
sumj), where its strength is kept up by addition of fresh salt, 
generally 19'6 lbs. per ton of ore, or a ton per day on the scale 
of 102 tons of ore daily. 

The lixiviation works require only two shifts of eight men 
each for all work except discharging the vats, which is contracted 
for separately. 




Fig. 56. — Precipitation Tanks. 

Refining the Cement Silver. — The cement silver is squeezed by 
a screw-press into discs 1 foot diameter by 3J inches thick, and 
varies from 150 to 750 fine. The discs are dried and refined in 
charges of 125 to 170 lbs. on English cupellation hearths with 
Portland cement hearths, together with 300 lbs. of lead to 
each charge. Each campaign lasts ten hours, and the life of 
a "test" is only three campaigns. The refined silver is granu- 
lated, melted in plumbago crucibles, and cast in moulds 
14 inches by 5 inches by 4 inches, yielding bars of 1000 
ozs. each, which average 985 fine, and are sent to the Osaka 
Mint for coinage. 

The cement copper is melted down with charcoal in small open 
hearths, some sand and lime being added as fluxes. It is cast 
into ingots 17 inches by 7 inches by 1 inch, which weigh 50 to 
60 lbs. each, and average 80 per cent. Ou., the impurities being 
chiefly lead and iron. Each hearth, with two men working one 
shift, only melts down half a ton of cement copper per day with, 
a consumption of 400 lbs. charcoal. The copper for the silver 
precipitating tanks is further refined before use to prevent 
contaminating the silver precipitate with too much lead, &c. 

During the year 1891 32,182 tons of ore were treated by the 
above process, yielding 211,809 ozs. of silver and 88-72 tons of 
ingot copper, the actual percentage yield being 78'6 per cent, of 
the silver, and 70-4 per cent, of the copper contents — a good 
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result on such very low-j;rade ore. The cost was : — Drying and 
crushing, Is. ; roasting (including salt), 5s. Id. ; ILxiviation, 2s. 
8d. ; refining and casting of cement silver and copper. Is. Id. — 
total, 9s. lOd. per ton. This compares remarkably well with the 
cost of raw amalgamation, though the very low rate of wages in 
Japan should be borne in mind; the total cost of mining and 
development, for example, was only 6s. 3d. per ton. Such ore 
could hardly be treated profitably in the United States by any 
known process. 

Liziviation at Kapnik. — At Kapnik (Hungary)* a peculiar com- 
bination of the Augustin and Patera processes is employed, the 
object beinq to extract as much silver as possible by the former 
process, which yields a clean, concentrated metallic precipitate 
with little trouble and loss in refining, and to take advantage of 
the more perfect extraction of hyposulphite solution (especially 
for gold) on the residues. The ores are pyritic slimes and 
second-class ores mixed in about equal proportions, the mixture 
containing on an average 16 per cent, blende, 1^ per cent, 
copper, and 2 percent, lead, besides 17 ozs. silver and 2 dwts. 
of gold per ton. After drying the ore it is mixed with 8 per 
cent, salt and roasted on a 4-hearth Malitra furnace, 4 per cent, 
more salt being added on the third hearth. The roasting is 
incomplete, owing to the high percentage of zinc, and about 
30 per cent, of the charge forms into balls, which, after sifting 
out, are re-crushed and re-roasted in a small reverberatory with 
3 per cent, more salt. 

The roasted ore is charged into wooden vats with false 
bottoms, holding 2^ to 3 tons each, and leached with brine at 
80° C. containing 22 to 25 per cent. NaCl, which extracts about 
60 per cent, of the total silver contents. The silver-bearing 
liquors are run as usual through a series of tubs containing 
copper, which are in this case kept warm by steam -pipes to 
facilitate precipitation. 

The residues are lixiviated during two days with cold, strong 
hyposulphite solution at about 3° to 5° B., and the silver and 
gold extracted are precipitated as sulphides with sodium sul- 
phide, as described in Chapter XI. The total extraction by 
the combined processes is brought up to 90 per cent, of the 
silver and 80 per cent, of the gold contents of the ore. Both 
cement silver and sulphides are worked up by scorification 
with lead, as described in Chapter XIII. 

At Tajova (Hungary) t up to the year 1893 this process was 
in use for treating various black coppers from Schemnitz and 
elsewhere, containing 70 to 84 per cent. Cu, 2 to 15 per cent. 
Pb, to 7 per cent. Sb, and 0-2 to 0-36 per cent. Ag (65 to 
108 ozs. per ton). The black copper was broken up gradually 

* Schnabel, Handbuch der Metallhuttenhmde, vol. i., p. 735. 
t Ibid., p. 737. 
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with hammers and stamps till it all passed through a sieve of 
about I mesh, after which it was roasted with 15 per cent, salt 
on the upper hearth of a small double-hearth reverbeiatory for 
seven to ten hours. It was then dropped on to the lower 
hearth, and 4 per cent, fine coal raked in during three hours in 
order to decompose antimoniates ; the heat was then raised 
for a couple of hours to decompose all basic salts, and the charge 
left to cool in the furnace for five hours. The roasted charge 
was re-sifted, the residues on the sieve being ground and added 
to a new charge. 

The roasted mixed oxides were charged hot into jars holding 
130 kilos, each, and lixiviated with cold brine (in order to dis- 
solve out as little as possible of the chlorides of antimony and 
lead and cuprous chloride, all of which would contaminate the 
silver precipitate) for thirty to thirty-six hours. The residues 
were washed out with hot water, and contained only li to 
3 ozs. silver per ton. The solutions were precipitated on re- 
fined copper, the cement silver washed with hot water, with 
dilute HCl, and again with hot water, and finally pressed, 
dried, and melted in plumbago crucibles yielding a bullion 982 
fine. The copper was precipitated on metallic iron as usual, 
and then the lead in the solutions was precipitated by zinc, 
after which they were pumped up to be used over again. 

The Claudet Process. — The extraction of silver from low- 
grade roasted copper ores (burnt pyrites) can scarcely be con- 
sidered as belonging to the metallurgy of silver since copper is 
the most valuable constituent of such residues, and silver merely 
a bye-product. The process by which the copper is extracted 
by means of a roasting with salt followed by a leaching with 
water will be found fully described in other works. 

The roasted ore undergoes a series of six or seven washings, 
first with brine mother-liquor, and then with water to extract 
its copper contents; the first two washings with brine mother- 
liquor contain most of the excess of salt in the charge and 75 to 
80 per cent, of the silver. These washings are collected after 
settling out the fine ore slimes in lead-lined wooden tanks 
holding 3500 gallons each and placed above the level of the 
copper precipitation vats, and samples are taken to be assayed 
for gold and silver, the average contents of the latter being 
3 to 6 grains per gallon. As soon as the quantity of silver has 
been determined, the theoretical quantity of zinc iodide required 
to form insoluble silver iodide, together with a much larger 
quantity of lead acetate, is added and thoroughly stirred in. 
The reaction is 

2AgCl (nNaCl) -I- Znlj = 2AgI + ZnCl^ -1- nNaCl. 

The object of adding lead acetate is to form a precipitate of 
lead sulphate, which helps to collect the silver iodide as well as 



THE AUGUSTISf, CLAUDET, AND ZIERVOGEL PROCESSES. 179 

the gold present in the solution, which is almost all found in the 
precipitate. It is difficult to imagine that this gold can be in 
any way affected by the reagents added, or that their addition 
determines its separation in an insoluble form. In all proba- 
bility the gold which has been transformed into chloride during 
the roast is leached out by the liquors and instantaneously 
reduced to metal by the ferrous and cuprous chlorides contained 
in the brine solution, so that it already exists as minute particles 
of metal in suspension which become entangled by the compara- 
tively bulky lead sulphate. The precipitate is very light and 
flocculent, taking a long time (at least forty-eight hours) to 
settle, but its settling is much facilitated at Oker * by the addi- 
tion to each tank of 7 or 8 gallons of oakbark decoction and 
1 lb. of glue dissolved in hot water, when twenty-four hours is 
found sufficient for subsidence. The liquors are drawn off by 
a, syphon and pass to the copper precipitating vats. Generally 
speaking, the precipitate is allowed to accumulate in the vats 
until twenty or thirty successive precipitations have taken place; 
it is then washed out into a small precipitate vat immediately 
below by removing a plug in the bottom, and there washed 
seven or eight times with hot water to remove iron, copper, and 
lead chlorides. After washing, the mass is stirred with water 
and pumped into a filter press, the cakes being reduced by zinc 
in hydrochloric acid solution to regenerate part of the zinc iodide. 
The waste of iodine is made up by adding potassium iodide to 
the zinc chloride solution, so completing the cycle and trans- 
forming the whole of the zinc into iodide again. 

The composition of the precipitate is very variable, but gener- 
ally it contains about 50 to 60 per cent. Pb, 3 to 5 per cent. Ag, 
and from 0'05 upwards of gold. 

The Ziervogel Process.! — This process was invented at 
Mansfeld as an improvement on the Augustin process for 
extracting the silver from argentiferous copper mattes, and 
has been carried out there ever since. The process seems only 
adapted to the treatment of rich copper mattes comparatively 
free from arsenic, antimony, and bismuth,! which all tend to form 
insoluble compounds with the silver, the latter forming, after 
roasting, an insoluble double sulphate, while the two former form 
arseniates and antimoniates. Ores are not well adapted to the 
process, chiefly because their silver contents, even if existing as 
sulphide, are not in that condition of intimate mixture with cu- 
prous sulphide which quick cooling of an actual igneous solution of 
AggS in excess of copper and iron sulphides necessarily produces. 
The best results are obtained when the matte is cooled quickly 

•Egleston, Tranx. A.I.M.E., vol. xiv., p. 111. 

+ t'. Pearce, Trans. A.I. M.E., vol. x^aii., p. 55; also Egleston, & o/M.Q., 
-vol. xii., p. 207; Schnabel, ffandbuch der Metalllmttenlainde, vol. i., p. 767. 
X Bismuth is the most harmful of all ; v. Pearoe, loc. cit. , p. 67. 
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by being cast into thin plates on a cooling floor or granulated in 
water, the reason being that slow cooling gives rise to a segre- 
gation and crystallisation of the very fine particles of metallic 
silver which separate out on cooling and form distinct filiiorm 
growths visible with a magnifying glass in masses of the matte 
which have been slowly cooled. A certain quantity of irork 
greatly facilitates the roasting, and therefore a low-grade blue 
to white metal of 60 to 70 per cent, is better adapted to the 
Ziervogel process than a high pimple metal of 75 to 80 per cent. 
Success of the process, even on appropriate material, depends- 
entirely on the care with which the roasting operation is con- 
ducted ; for while too low a temperature prevents the formation 
of silver sulphate, and too great haste and insufficient rabbling 
result in incomplete oxidation, with production of cuprous oxide 
which re-precipitates metallic silver from its sulphate solution, too 
great a heat or high temperature too long continued bring about 
decomposition of the silver sulphate already formed and leave 
part of the metal in the residues. 

Though comparatively difficult of solution in the cold, silver 
sulphate is very soluble in hot water, the solution being some- 
times aided by addition of sulphuric acid ; this may also assist, 
in the leaching by forming ferric sulphate, which to some extent 
acts on any metallic silver present and dissolves it as sulphate.*" 

Extraction of silver by the Ziervogel process, as carried out. 
at Mansfeld (Rhen. Pruss.) and at the Argo Works (Denver, 
Colo.), comprises two main series of operations — viz., roasting, 
for silver sulphate, and leaching out and precipitation of the 
silver. 

Roasting. — This operation is one of the most delicate in the 
whole range of metallurgy, and is never attempted except on 
fairly pure copper mattes, even lead interfering to a considerable 
extent. Analyses of mattes treated by this process at Argo and 
Mansfeld are given in Table X., and it will be seen that while the 
Mansfeld matte is a fairly pure high-grade white metal containing 
75 per cent, copper and 044 per cent, silver (144 ozs. per ton), 
that at Argo is a very low-grade blue metal containing 40 tO' 
45 per cent. Ou, with a large percentage of impurities and about 
1 J per cent. Ag (over 400 ozs. per ton). The roasting operation 
is always performed in two stages in separate furnaces, the first 
being to expel the larger part of the sulphur, while the object of 
the second is to finish the oxidation to sulphate, decompose the 
sulphate of the base metals and sulphatise the silver. 

The matte must be crushed previous to roasting, and this 
also is usually performed in two stages, the fine grinding^ 
coming after the first roasting, as it is easier to grind roasted 
matte than raw. At Mansfeld both coarse and fine grinding 
are conducted in No. 5 Ball mills, the capacity of which for 
" V. Chap. i. , p. 9. 
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coarse crushing (down to 12 or 16 mesh) is about 14 to 16 tons 
per twenty-four hours. At Argo the coarse crushing preparatory 
to the first roasting is only to 6 mesh, the subsequent crushing 
to 60 mesh being performed in Chilian mills. 

Preliminary Roasting. — At Mansfeld this takes place in Stein- 
beck shelf furnaces, which are somewhat similar to the Spence 
furnaces * used for calcining pyritic fines, in being worked with 
reversing rabbles and entirely without fuel. Each furnace com- 
prises four superposed hearths, but the upper pair of hearths 
works quite independently of the lower pair, so that each particle 
only passes through two out of the four hearths. The combus- 
tion of the sulphur in even this high-grade matte affords sufficient 
heat for igniting the cold charge as it enters and for carrying on 
the roasting process, while the gases being very rich in SOj are 
utilised for the production of sulphuric acid. Each hearth holds 
1 ton of matte at a time and each charge stays from four to six 
hours on each of two hearths, so that the daily output of each 
double furnace with four hearths is 10 tons. 

At Argo the first roasting is conducted in Pearce turret fur- 
naces (already described and figured in Part I., Chapter VI.), 
which seem to be admirably adapted to this purpose. The 
capacity of each furnace on this material is about 16 tons per 
day, the raw matte carrying about 21 per cent, and the roasted 
matte 6 per cent, of sulphur. The fuel consumption is about 
25 per cent, by weight of coal, and the cost of roastiag is about 
80 cents (3s. 4d. ) per ton made up as follows : — Labour, 6d. ; 
fuel, 2s. 2d. ; power and repairs, 5d. ; and interest, 3d. No 
attempt is made to save the sulphurous acid fumes, but the 
actual cost of roasting on this material is considered to be less 
than with any other type of mechanical furnace. 

Crushing. — The roasted matte, still containing 5 or 6 per cent, 
sulphur and much CujO, besides sulphates of iron and copper, is 
then ground to pass a 60 mesh, which is done at Mansfeld in 
Ball and at Argo in Chilian mills. After grinding it passes to 
the second or sulphate roasting. 

Roasting for Silver Sulphate. — At Mansfeld this is conducted 
in reverberatory furnaces with double superposed hearths fired 
by gas, so as to more effectually secure an oxidising flame and 
facilitate the conversion of Cu^O into CuO. The manipulation 
is identical with that described below. The charge is about 
& cwts., and the total time spent in roasting varies from six to 
nine hours, about half of which is spent on each hearth. 

At the Argo Works roasting takes place in small single-hearth 
reverberatories, hand rabbled, and provided with a separate air 
supply in the roof above the bridge. The charge of each is 
about 1600 lbs. of matte roasted in the turret furnaces, and 

* V. Peters, Modern Copper Smelting, 7th edition, 1895, p. 215, where the 
similar Keller furnace is figured. 
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the roast is conducted so as first to couvert all the remaining 
sulphides into sulphates, and then to decompose all the copper 
sulphate except about 1 per cent., the SOg thus given off acting 
powerfully upon metallic silver and silver sulphide, and bringing 
practically all the silver present into the condition of sulphate. 
The addition of 2 per cent, of sodium sulphate (salt-cake) to 
the charge is found to greatly assist the sulphatisation of the 
silver.* Table X. (to -wrhich has been added an analysis of 
the Mansfeld matte for comparison) sho-ws the composition of 
the raw matte at Argo, of the matte roasted in turret furnaces, 
and after roasting for silver sulphate ; the matte produced from 
day to day varies greatly in composition, so that the samples do 
not correspond exactly. The insoluble material recorded in three 
of these analyses is silica derived from the sand beds in -which 
the matte is cast. 

TABLE X. — Analyses op Mattes Treated by the 
ZiERvoGEL Process, 







Mansfeld. 


Argo. 




Raw Matte. 


Raw. 


Roasted la 

Turret 

Furnace. 


Roasted for 
Sulphate. 


Insoluble, . 

Copper, 

Lead, . 

Zinc, . 

Iron, . 

Silver, 

Gold, . 

Nickel and cobalt, 

Sulphur, . 

SO3, . . 

Oxygen (by diflf.). 




75'-34 
0-69 
0-95 
1-74 
0-44 

6-61 
20-50 


0-65 
47-30 
8-07 
2-73 
17-67 
1-38 
0-088 

21-58 


4-05 
44-92 
8-6-2 
5-47 
17-99 
1-25 
0-07 

6-29 

li'-34 


3-75 
40-60 
8-52 
5-24 
18-02 
1-148 
0-07 

9'-69 
13-562 






100-23 


99-468 


100-00 


100-000 



ife/er-emc««.— Mansfeld — Egleston, S.M.Q., vol. xii., p. 204. 
Private communication, H. U. Pearoe, Nov. , 1896. 



Argo- 



Trippel gives t the analysis of another sample of sulphatised 
matte some-what poorer in silver wliich contained 4-048 per cent, 
of sulphates soluble in water made up as follows, viz. : — ^FeSO^ 
and ZnSO^, 2-486 per cent.; AgjSO^, 0-980 per cent. ; OuSO^, 
0-582 per cent. In this sample the soluble silver was 213-89 ozs. 
per ton; the insoluble, 32-13 ozs. per ton, or 13 per cent, of the 
total contents. 

* Trippel, E. and M. J., June 23, 1888. \ Loc. cit. 
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Progress of the Operation. — The roasting process is described 
by Pearce* as consisting of four stages : — 

First Stage. — The dampers are kept closed and the working 
doors open, and a low temperature is maintained during one and 
a-half hours. The charge becomes evenly heated throughout, 
and glows from the oxidation of CujS and OU2O. 

Second Stage. — The temperature is slightly raised during one 
and a-half hours with constant rabbling. Sulphates of iron are 
decomposed, and all sulphur not previously driven off forms 
CuSO^. The charge swells and becomes porous and spongy 
from the formation of this salt. 

Third Stage. — The temperature is again raised for about one 
hour until tests show the silver to be " out " {i.e., in the condition 
of sulphate soluble in water). During this stage of increased 
temperature CuSO^ is decomposed into CuO and SO3, which 
latter acts upon the metallic silver as well as upon any Ag2S 
present, forming silver sulphate of both. 

Fourth Stage. — The dampers being closed to keep the tempera- 
ture constant, the charge is collected from all parts of the hearth 
and bruised down with a heavy paddle to break up the lumps ; 
it is then vigorously stirred and turned over so as to thoroughly 
oxidise any remaining cuprous oxide and decompose almost all 
of the remaining copper sulphate. 

The tests by which the progress of the roasting is ascer- 
tained are made by throwing a sample of the hot charge into 
a small porcelain dish containing water, which is raised to 
boiling and dissolves the soluble sulphates out of the charge. 
Early in the third stage the solution is deep blue with copper 
sulphate, while as the silver sulphate begins to form in the 
charge and to be dissolved out in the test, it is immediately 
reduced to metallic spangles by the cuprous oxide present, t As 
this stage proceeds the solution becomes less blue owing to 
decomposition of copper sulphate, while the spangles first reach 
a maximum and then begin to diminish. During the last stage 
the CujO becomes completely oxidised to CuO and the spangles 
disappear, while the solution still remains of a very pale blue 
colour, about 1| per cent, of copper and other soluble sulphates 
being always left in order to be sure that the silver sulphate is 
not itself undergoing decomposition. As soon as the spangles 
finally disappear the charge is drawn. 

Leaching. — At Mans/eld the leaching with hot water takes 
place in a series of wooden tubs shown in cross-section in 
Fig. 57. t . ^ 

A is a series of ten leaching tubs provided with false bottoms, 

* Tram. A.I. M.E. , vol. xviii., p. 66 ; also Egleston, Metcdlwgy of Silver, 
Gold, and Mercury in the U.S., vol. i , p. 133. 
t According to the equation Ag2S04 + CU2O = CuSO^ -I- 2Ag -I- CuO. 
X From Phillips' Elements of MetaUlurgy, 1891, p. 787. 
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the capacity of each of which is J ton of roasted matte, b is 
a leaden pipe by means of which the charge is first moistened 
with hot water, and a is another larger leaden pipe through 
which the leaching solution of copper sulphate mother-liquors, 
acidulated with sulphuric acid, flows constantly on to the surface 
of the charge at the rate of about 30 gallons per hour for one 
and a-half to two hours, or until the escaping liquors give no 
precipitate with NaOl. B is a settling-box, and the compart- 
ment, C, serves to distribute the hot liquors to ten precipitating 
tubs, D, which contain first a 3-inch layer of cement copper and 
then copper bars for precipitating the silver. The trough, E, 
and tubs, F, contain respectively sheet- and shot-copper to pre- 
cipitate the last traces of silver, after which the liquors are run 
off, and pumped to a leaden pan where they are re-heated to 87° C, 




Fig. 57.— Leaching Tubs. 



with the addition of J lb. of sulphuric acid to each 420 gallons 
of solution, which both facilitates the solution of silver sulphates 
and prevents the separation of basic salts. The copper in the 
liquors steadily accumulates and is precipitated at long intervals. 
The leached residues generally contain from 8 to 13 ozs. per ton; 
they are dried, re-roasted, and again leached, which brings their 
silver contents down to from 5 to 6 ozs. per ton. Altogether 
from 5 to 5^ per cent, of the silver contents of the matte 
(144 ozs.) is lost by volatilisation, from 3 J to 4 per cent, remains 
in the residues, and about 92 per cent, is recovered as cement 
silver. 

At Argo the leaching is conducted very similarly except that 
no sulphuric acid is used in the leaching water, and that the 
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precipitation of silver takes place exclusively on copper plates, 
which are prepared at the works from the cement copper pre- 
cipitated in the scrap-iron tanks so as to recover promptly any 
silver which escapes precipitation in the proper tank. As a rule, 
about 40 ozs. of silver remain in the residues out of, say, 400 
contained in the original matte, or 10 per cent. Formerly, after 
re-smelting these residues with gold ores to copper bottoms and 
matte, by which the gold became concentrated in the former, 
the residual matte or " finished metal," containing 40 ozs. per 
ton, was treated by the Augustin process,* but now the Ziervogel 
process is repeated on it with the result of bringing down the 
silver contents to under 10 ozs. per ton, after which the cupric 
oxide residues are chiefly sold to the petroleum refiners, though 
a small part was until recently made into copper sulphate. 

Treatment of the Cement Silver. — At Mansfeld the precipi- 
tated silver, besides particles of metallic copper and CujO, con- 
tains gypsum. It is leached for a week in the series of tubs, H, 
with dilute sulphuric acid (1 : 8) in order to remove as much as 
possible of these impurities, and is finally washed with hot water 
which brings it up to 995 fine. It is then moulded into blocks, 
dried, and melted on a reverberatory hearth to be refined, 
yielding bars 999 fine. 

At Argo the cement silver containing metallic copper and CU2O 
is refined in a tub with a false bottom, below which is the 
opening of a pipe through which a mixture of steam and air can 
be forced by an injector. The tub contains about 3000 ozs. of 
cement silver at a time, together with dilute sulphuric acid 
(about 1 : 100), and when charged the stetim jet is at once turned 
on. The bubbling up of the air through the perforations in the 
false bottom oxidises the copper to CuO, which is dissolved by 
the acid, while the steam keeps the solution boiling, and in this 
way the whole of the copper is dissolved in about two or three 
hours. The copper sulphate solution is drawn ofi", and the silver 
washed with clean water and steam until the washings show no 
trace of copper, when it is dried in a long iron pan set on flues 
and melted down in plumbago crucibles, giving bars 999 to 999-5 
fine. 

Residues of the Ziervogel Process. — The treatment of these 
is referred to in Chapter XVII. 

* V. Egleston, Metallurgy of Silver, Gold, and Mercury in the U.S., 
vol. i., p. 147, where the old process is described at length. 
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CHAPTER XI. 

HYPOSULPHITE LEACHING PROCESSES. 

The Patera and Eiss Processes. 

History. — The solution of silver chloride in sodium thiosulphate 
(hyposulphite) and its precipitation from the solution by sodium 
sulphide was first suggested by Percy in 1850, and first carried 
into practice by von Patera at Joachimsthal (Bohemia) in 1858. 
Kiss, at Schmollnitz (Hungary), in 1860 first substituted calcium 
hyposulphite and sulphide for the corresponding sodium salts on 
account of their greater cheapness and because calcium hyposul- 
phite was at that time supposed to be a better solvent for gold 
than the sodium compound. This, however, later researches 
have proved to be a fallacy,* and the use of calcium thiosulphate 
has certain other disadvantages {e.g., readier oxidation with pro- 
duction of insoluble gypsum and greater consumption of sulphur) 
which have led to its being largely abandoned. Hofmann,f 
however, strongly advocates a combination of the Patera and 
Kiss processes, using sodium hyposulphite for the solution and 
calcium polysulphide for the precipitant. The advantage of 
this is that while sodium sulphide generally destroys more 
hyposulphite than it generates J and so causes a consumption of 
that salt varying from |^ up to 7 lbs. per ton of ore, the calcium 
polysulphide not only decomposes no hyposulphite but is itself 
oxidised so rapidly to hyposulphite as actually to increase the 
strength of the stock solution, and so do away with all loss of 
hypo. 

Solubility, dkc. — According to Russell's experiments, § one 
hundred parts of IS'agSjOg + 5Aq dissolve forty parts of AgCl 
( = 301 parts Ag) to form the double salt Ag2S203.Na2S203 + 2Aq, 
while the solubility of AgCl in calcium hyposulphite is 91-5 per 
cent, of its solubility in sodium salt solutions of equal strength. 
Hyposulphite processes thus start with a great advantage over 
the Augustin process, for one hundred parts of the NaCl only 
dissolve 04 part of AgCl, so that the dissolving power of hypo, 
for silver is about one hundred times as great as that of common 
salt. Russell further found that 1 litre of 1 per cent, sodium 
hyposulphite could dissolve in forty-eight hours in the cold 30 

* Stetefeldt, Trans. A.I.M.E., vol. xiii., p. 86. 
t E. and M. j); vol. xlvii., p. 2.S6. 
J Stetefeldt, Trans. A.I.M.E., vol. xiii., p. 94. 
%Ihid., vol. xiii. ,X). 53. 

\ 
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mg. of precipitated silver and 2 mg. of gold,* that the degree of 
solubility of both gold and silver was increased about three 
times by using a solution at 50° C, but not by increasing the 
strength of the solution. 

The solubility of AgCl in sodium hyposulphite is injuriously 
affected by the presence of small quantities of certain other 
substances as shown in the following table compiled from 
Russell's experiments quoted by Stetefeldt.f The headings to 
each column show percentage addition of each salt added to a 
normal hypo, solution of IJ per cent, strength, and the figures 
show percentage reductions in solubility. 



Percentage Addition. 


1. 


0-2. 


2-0. 


5-0. 


Lead sulphate, 
Sodium sulphate, 
Caustic soda, . 
Caustic lime, . 


9 
30 


24 

90 
11 to 24 


6 


8 



The presence of these impurities has, therefore, a most impor- 
tant bearing upon the lixiviation process. 

Interference of Various Substances. — Ores which are to be 
treated by the Patera process should be comparatively free from 
copper and lead, also from calcite unless sulphides are present at 
the same time. The two former give soluble chlorides which 
pass into solution together with the silver and are precipitated 
by the sodium sulphide, thus debasing the silver precipitate. J 
The soluble salts of the base metals are leached out from the 
roasted ore by plain water before commencing the leaching with 
hyposulphite, but the excess of NaCl in the roasted ore dissolves 
out more or less AgCl, which has to be precipitated together 
with the base metals. Lead is also particularly injurious on 
account of the easy fusibility of its compounds, which are liable 
to sinter up and protect particles of silver chloride from the 
action of thie lixiviating solutions. Lead also consumes hypo- 
sulphite to a notable extent as well as sulphide for precipitating, 
and it has been found that the economical limit of lead in ores 
to be treated by this process is about 10 per cent. Such part of 
the lead as goes into solution can, however, be recovered in a 
marketable form by precipitating as carbonate, as will be seen 
hereafter. Zinc chlorides and sulphates do not appear to inter- 
fere with the extraction of silver chloride, but in the case of ores 

* The double salt of gold has the formula SNagSaOg -f AU2S2O3 + 4Aq. 

t Trails. A. I. M.S., vol. xiii., p. 53 ; also pp. 1 and 2 of Discussion. 

X In quantities under about 3 per cent. , however, copper is positively 
advantageous since it assists in keeping the silver chloridised, and so 
increases the percentage of that metal extracted. 
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containing much zinc, part of the zinc invariably remains unaltered 
as sulphide in the roasted ore, and this, as shown by Morse,* 
reacts upon silver chloride during the base metal leaching as well 
as in the subsequent leaching with hyposulphite and re-converts 
part of the silver to the condition of insoluble sulphide. I^ead 
sulphide probably acts in the same way, although less vigorously. 
Calcite in raw ore, unless converted into gypsum by evolution of 
SOj and SO3 from sulphides present, becomes caustic lime in the 
roasted ore which, besides tending to decompose AgCl during 
■cooling, hinders the leaching out by precipitating insoluble 
oxychlorides of lead, &c., in the ore. Arsenic and antimony, so 
harmful in the Augustin and Ziervogel processes, do not 
materially interfere with the Patera process, for the arseniates 
and antimoniates of silver formed, though insoluble in water and 
brine, are readily dissolved by the hyposulphite solution. 

Patera Process without Roasting Ores which contain a large 

proportion of their silver in the condition of haloids (AgOl, 
AgBr, or Agl) or carbonates (isomorphously replacing lead 
carbonate in cerussite) can be lixiviated without roasting, and 
yield variable proportions of their silver contents. In a series 
of tests on raw ores quoted by Stetefeldt f the percentage of 
extraction varied between 2 and 81 per cent. 

This process was tried at Broken Hill in 1890 for the treat- 
ment of raw tailings from the concentration of lean siliceous 
lead carbonate ores carrying silver chiefly as chlorobromide and 
iodide. The chloride was extracted fairly well, but the iodide 
was attacked only with great difficulty. Lixiviation was, 
therefore, abandoned for the time and only adopted again in 
1894 with the addition of a chloridising plant, the function of 
which is to convert Agl into AgCl and incidentally to chloridise 
any metallic silver present. The working of the new plant is 
described in the next chapter. 

A somewhat similar process was in use at Cerro Gordo (Ohili)J 
for poor chloride ores containing 32 ozs. Ag and about \ dwt. 
Au per ton. The ores were crushed in ball mills, and quickly 
roasted, together with 8 per cent, salt, in Howell furnaces in 
order to render the particles more easily permeable to the solvent 
and to convert iodides and bromides into chloride. The cylinders 
were 26 feet long by 4 feet 6 inches wide, and roasted from 35 
to 38 tons per day. The roasted ore was leached, in charges of 
8 tons each, six times, with a 1 per cent, solution of sodium 
hyposulphite, and the extraction was 60 to 80 per cent, of the 
silver and 60 per cent, of the gold. 

Preliminary Roasting. — A thorough chlorodising roast, however, 
is required for the majority of ores which have to be submitted 

* Trans. A.I.M.E., vol. xxv., p. 587. 

t Trans. A.I.M.E., vol. xiii., p. 66. 

J Schnabel, Handhuch der Metallhuttenhmde, vol. 1., p. 744. 
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to a leaching process, and details of the operation, as well as of 
the appliances in which it is carried out, have been already given 
in Chapter IX. The chloridisation of the silver, however, must 
be much more perfect when the ore has to be treated by lixivia- 
tion than when treated simply by amalgamation, for metallic 
silver, while readily amalgamable, is attacked only very slowly 
by hypo, solution. It is also necessary that the flue-dust shall 
be very thoroughly chloridised, especially as it is very much 
more diflicult to leach than the ordinary ore, owing to its slimy 
character. 

Method of Working.— The usual method of leaching the roasted 
ore is in false-bottomed wooden vats similar to those employed 
in the Augustin or Ziervogel process, though of much larger size. 
The ore is charged into these vats and leached with hot water 
until the soluble base metal salts are removed, after which 
lixiviation with hypo, begins and is continued so long as the 
escaping solutions show any trace of silver. The lixiviation 
always comprises two distinct operations — viz., base metal leaching- 
and silver leaching, which, however, in tank lixiviation always 
follow each other in the same vat. 

Base Metal Leaching. — In order to shorten the time required 
for base metal leaching about 2 feet of water is frequently run 
into the vat before charging the ore. The strong solution of 
brine and base metal chlorides (especially cupric chloride) dis- 
solves a considerable amount of silver, which is carried away 
into the base metal precipitate, but the amount so dissolved can 
be much lessened by leaching from below upwards, whereby the 
more concentrated solution at the bottom of the vats passes up 
through the partially exhausted ore and so re-deposits part of its 
dissolved silver. This method was first introduced by Hofmann, 
and has the advantage of being quicker and of causing less 
packing of the ore, besides requiring less water. It involves, 
however, somewhat greater complication in the vat connections 
and piping, and consequently is but seldom used. When the 
ore leaches badly, or when it contains a large proportion of base 
metals, hot water is commonly employed for leaching in spite of 
the greater amount of silver dissolved, but when comparatively 
free from base metals cold water may be used. In the former 
case the solutions may be diluted underneath the filter with 
fresh water, producing a precipitate of lead, antimony, and silver 
chlorides which dissolves in the hyposulphite solution. In 
"bottom leaching" the most usual way is to fill the tank with 
water from the bottom, then shut ofi" the water, open the outlet 
and let the level of the water sink to the top of the ore, and then 
continue leaching from the top. By this means comparatively 
little silver actually leaves the tank in the first wash-water. 

The rate at which water will percolate through the ore varies- 
according to the composition of the latter and its degree of fine- 
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ness, and is from 1 inch (Bertrand, Nev.) up to 16 inches (Broken 
Hill, N.S.W.) per hour. The quantity of water required de- 
pends upon the amount of soluble base metal salts present, and 
may be as little as 12 (Broken Hill) or as much as 100 (San 
Francisco del Oro) cubic feet, the average being perhaps 25 or 30 
■cubic feet per ton of ore, and the duration of the process from 
two to as long as twenty-four hours. In any case it should be 
continued until the addition of sodium or calcium sulphide gives 
no further black precipitate but with the latter only a white 
■cloud of gypsum due to the obstinate presence of sodium sulphate 
in the last washings. Sometimes the hyposulphite solution is 
turned on as soon as this point is reached, as recommended by 
Hofmann,* for by this means time is saved and the access of 
sodium sulphate to the hyposulphite solution does not matter 
when calcium sulphide is used as precipitant. Daggett,! how- 
ever, points oat that this plan risks the carrying away of silver 
into the base metal precipitate through carelessness in not turning 
the escaping solution into the silver precipitating tanks at just 
the right moment, besides diluting the stock solution, and 
recommends draining out the first wash-water before adding the 
stock solution. 

The amount of the total silver dissolved out of the ore by the 
first wash-water (base-metal solution) varies according to the ore, 
from 1 per cent, at Blue Bird (Mont.), 7 per cent, at Marsac 
{Utah), and 10 per cent, at Yedras (Sinaloa, Mex.), up to as 
much as 19 per cent, at the Holden mill (Aspen, Colo.). At least 
SO per cent, of this is contained in the first washings, and is dis- 
solved out in the first fifteen minutes after leaching commences. 

The copper, lead, and silver in the base metal solution may be 
precipitated (a) by means of sodium (calcium) sulphide, or (6) by 
means of scrap iron. The first method is not adapted to very 
base ores as the precipitate is then too bulky and too much pre- 
cipitant is required. The first portion of the precipitate is 
always much richer in silver, and, therefore, it is more usual to 
aim at precipitating only sufficient copper to make sure of 
carrying down all the silver, the remainder of the copper being 
precipitated on scrap iron, but in this case precipitation of the 
silver as sulphide is always incomplete, and some is always 
found in the cement copper. Precipitation by means of iron is, 
of course, slower than with sulphide, even if acid be added to 
the extent of 1 or 2 lbs. per ton of ore, and it requires a large 
number of precipitating tanks, but the precipitate is not so 
bulky and is in a more saleable condition. The value of the 
precipitate with sodium sulphide may vary according to the 
baseness of the ore in copper and lead, from a few hundred ozs. 
up to 14,000 ozs. per ton, or nearly one-half silver after drying. 

* E. and M. J., vol. xlvii., p. 236, &c. 
t Trans. A.I.M.E., vol. xvi., p. 405. 
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Silver Leaching. — After the base-metal leaching the hypo- 
sulphite solution is run on, the outlet below the filter is con- 
nected with the silver tanks, and leaching is continued until 
a sample of the escaping liquor gives no black precipitate with 
sodium sulphide, a process which may take from twenty-four 
hours up to four days. Most of the silver goes into solution 
quickly, but that portion contained in galena is most difficult to 
leach out, so that an ore containing 15 to 17 per cent, of lead as 
galena frequently takes as long as five to six days to leach com- 
pletely. The volume of hyposulphite solution required varies 
from 63 cubic feet (Broken Hill) up to 226 cubic feet (Yedras) 
per ton of ore. At first the leaching should be conducted as 
rapidly as possible, since the larger part of the silver is extracted 
in the first few hours of leaching. When tests show the solution 
to be much more dilute, the rate of leaching is diminished by 
partly closing the discharge outlet. When the ore contains 
large quantities of lead, copper, or zinc, it is advantageous to 
circulate a large quantity of leaching solution through the ore 
rapidly, instead of shutting off the discharge and allowing the 
ore to leach slowly, as this plan gives the same rate of extraction 
in a shorter time, besides tending to yield a richer precipitate — 
probably owing to the " selective action " of dilute hyposulphite 
solutions for silver in preference to base metal.* 

After the hyposulphite will extract no more silver, a second 
wash-water is added to expel the remaining hypo, solution con- 
tained in the pores of the ore. This is done by allowing the 
hypo, solution to sink down to the level of the ore, adding 10 to 
20 cubic feet per ton of water above (say, 2 to 4 feet deep), 
and allowing it to leach down to the level again, all that leaches 
through being run into the stock solution up to this point, and 
the remainder run to waste or through the scrap-iron tanks. 
Where water is scarce the whole of the solution is drained out, 
and then about 5 cubic feet per ton (or, say, 6 to 9 inches deep) of 
clean water is run on top of the charge and leached through into 
the stock solution. 

The Stock Solution. — Either sodium or calcium hyposulphite 
may be used for dissolving silver chloride, their relative dis- 
solving energy being as already stated, as 100 : 91 '5. The hypo- 
sulphite solution used at different works varies in strength from 
0-5 per cent. (Sombrerete) to 1'8 per cent. (Holden), a 1 per cent. 
solution being used at Broken Hill. At starting, solutions are 
very commonly made up to 1^ per cent. (94 lbs. of the sodium 
salt to each 100 cubic feet of water), but after a little practice 
much weaker solutions may be used. The disadvantage of a 
strong solution is that it dissolves out much larger quantities 
of lead sulphate and other base-metal salts than double the 
amount of a weak solution would do. The decomposition of 
*CIeines, Proc. Inst. Civ. Eng., vol. exxv., p. 113. 
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hypo, is also very much more rapid in the case of a strong- 
solution, so that simple oxidation of the precipitant is not suffi- 
cient to maintain its strength as is the case with weak solutions > 
furthermore, the loss of hypo, carried away in tailings is very 
much greater in the case of a strong solution. On these grounds 
Hofmann very strongly recommends the use of stock solutions 
containing only 0-50 to 0-75 per cent, of hypo., for which he 
claims the following advantages : — 

(1) The extraction of silver can be completed quite as rapidly 
as with a stronger solution. 

(2) The extraction of base metals is smaller, and, therefore, the- 
precipitate is richer. 

(3) Both the loss of hypo, in tailings and the loss by oxidation 
are very small, and, therefore, the strength of the solution is easily 
kept up by the natural oxidation of the precipitant. 

These claims seem to be well founded, and the practice, at 
present unusual, of working with very weak solutions deserves 
to be much more widely practical. A somewhat larger quantity 
of stock solution would have to be kept and used, but this is of 
small moment. 

The total quantity of stock solution required in works treat- 
ing a given number of tons per day will depend partly on the 
strength of the solution and partly on the size of the tanks, 
large tanks requiring a less total quantity of solution than 
smaller ones. A works with capacity of 100 tons per day using 
large vats holding 50 or more tons each requires about 3500 
cubic feet of stock solution, while a 25 -ton works requires 
1500 cubic feet. The solution, if of the sodium salt, may be 
used either hot or cold, the latter being mostly employed for 
ores containing calcite, which give an alkaline reaction to the 
wash-water, owing to the decomposing action exercised by hot 
caustic lime solutions upon silver chloride. With most ores, 
however, and especially heavy sulphide ores which give acid 
wash-waters, it is advantageous to heat the solutions to about 
80° to 120° F. This precludes the use of calcium hyposulphite, 
which begins to decompose at about 100° and at 140° F. splits up 
into calcium sulphate and sulphur, which, however, re-combine 
to a considerable extent at a lower temperature to re-form 
hyposulphite. 

Sodium hyposulphite is always purchased, but the calcium 
salt is manufactured on the spot from the polysulphide employed 
as a precipitant, either by means of spontaneous oxidation, which 
is sufficiently rapid, or by passing sulphurous acid (generated 
from charcoal and sulphuric acid, or from burning sulphur) 
through it. In the latter case the polysulphide is completely 
converted into hyposulphite according to the following re- 
action — 

CajSs + SSOj = aCaSzOa + 4S. 
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In most cases a calcium hyposulphite solution prepared in 
this way will be much cheaper than a solution of equal strength 
of the sodium salt,* but, as already seen, it deteriorates rapidly 
and cannot be used hot. 

The loss of hypo, when using the sodium salt has to be made 
good, either by adding fresh salt or bj' allowing the precipitant 
to oxidise spontaneously and so balance the loss. Stetefeldt has 
shown t that in most cases the latter is considerably more econo- 
mical, as caustic soda and sulphur are relatively much cheaper 
than hypo. Sodium sulphide oxidises much more slowly than 
the calcium salt, but sufficiently fast to make up for the waste of 
hypo. The loss, when using a very weak solution, is so small 
that the -5 or 6 per cent, of hypo, naturally present in the sulphide 
as manufactured is usually sufficient to keep up the strength of 
the solution. 

However prepared, the stock solution suffers deterioration 
from three sources, viz. : — (1) Decomposition by oxidation ; (2) 
by becoming caustic ; and (3) by accumulating sodium chloride 
and sulphate. 

(1) The loss by oxidation is considerable, even in the case 
of sodium hyposulphite, for, according to experiments at the 
Ontario mill, a tank of solution oxidised in thirty-five days to 
the extent of 174 per cent. J The oxidation of calcium hypo- 
sulphite is much more rapid, for, according to the same author, 
comparative experiments on shallow layers of equal strength of 
the two salts proved that during one week the deterioration of 
the sodium salt was 1"4 per cent., and that of the calcium salt 
16'1 per cent., or eleven and a-half times as great. In both cases 
sulphates are formed and free sulphur liberated. 

(2) The eifect of caustic alkalies in the solution is to decrease 
the extraction of silver except in those cases where, after roast- 
ing, a considerable proportion of that metal exists in the condition 
of arseniate or antimoniate. The extent of this unfavourable 
influence has been already referred to. More or less caustic 
alkali is almost always introduced into the stock solution by 
oxidation of the precipitants, but fortunately there is an easy 
remedy in the addition of a little sulphuric acid, say in the 
proportion of :J to 1 lb. per ton of ore. Bluestone may be used 
instead of this, when the process becomes assimilated to the 
Russell process. When calcium sulphide is used as a precipitant 
the solution does not so readily become caustic. 

(3) The accumulation of sodium chloride and sulphate in the 
stock solution is somewhat inconvenient, because the latter 
diminishes the solvent action of the solution. In Hofmann's 
combined Patera-Kiss process, using calcium sulphide as a 

* This is of much leas importance where freight is cheap. 

t Tram. A.I.M.E., vol. xx., p. 22. 

t Stetefeldt, Trans. A.I.M.E., vol. xiii., p. 97. 

13 
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precipitant, the accumulation of sodium sulphate in the stock 
solution is completely obviated. 

The Tiecipit&nts— Sodium Sulphide.— The best way of prepar- 
ing this precipitant is as follows* : — A 6-cwt. drum of caustic soda 
is broken up into lumps not larger than 6 to 8 lbs. and placed in 
a cast-iron tank 6 or 7 feet deep and not more than 3 feet 
diameter, together with 2 or 3 cubic feet of water, and dry 
steam is turned on. After thirty to forty minutes the whole 
should be dissolved and should measure 10 cubic feet at most, 
the temperature being not less than 200° F. If these conditions 
are fulfilled the sulphur may be added, a shovelful at a time, 
crushed up roughly so as to pass a 1-inch mesh, and the resulting 
mass is so thick that if allowed to cool without dilution it would 
solidify. If, however, the lye be too cold or too weak, combina- 
tion is not complete, and the mass must be boiled with steam 
for about two hours, which, however, yields in any case an 
inferior product. The liquid mass is diluted with hyposulphite 
stock solution until it contains the equivalent of 12 lbs. of 
original caustic soda used per cubic feet of solution. Russell 
recommends that the weight of sulphur added should be two- 
thirds the weight of the caustic, which gives a sulphide of the 
formula NajS -t- NajSj. The reaction which occurs is — 

6NaH0 -h 2(a: + l)S = 2Na2Si -1- NajSjOs + 3HjO, 

so that there is always one equivalent of hyposulphite formed 
for two of sulphide. 

As regards the quantity of sulphur to be added, Stetefeldt 
shows t that the nearer the composition of the sulphide approaches 
the formula NagSj the better the result, for NagS in the inevit- 
able oxidation during storage yields NaHO, while higher poly- 
sulphides yield free sulphur, and only NajSj is completely 
oxidised to the hyposulphite which is utilised. The follow- 
ing formulae show the reactions which take place during 
oxidation : — 

aNajS + 2O2 + H2O = NajSaOa + 2NaH0 
2Na2S8 + 3O2 = 2Na2S20s 

2Na2S3 + 3O3 = 2NajS20s + 2S. 

Moreover, it is impossible to avoid the formation of some poly- 
sulphide, and, therefore, in aiming at the production of Na^S, 
some caustic soda is left free to exercise its injurious eflFects 
upon the lixiviation, though it soon absorbs COj from the air 
and becomes harmless Na2C03. 

The use of a pure crystallised NajS prepared in Germany 
is now becoming very common, as a solution of this salt can 
be freshly prepared which oxidises but little, while, being free 

* Daggett, Trans. A.I. M.E., vol. xvi., p. 428. 
t Trans. A.I. iI.E., vol. xx., p. 24. 
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from polysulphides, the precipitate which it produces is 
almost devoid of free sulphur and is correspondingly richer 
in silver. 

Calcium Sulphide. — It is not possible to prepare aqueous 
solutions of the lower sulphides CaS to CaSg, and, therefore, the 
sulphides made are CaS^ or CaSj, according as lime or sulphur 
is in excess. Caustic lime having a deleterious effect, it is sought 
to produce Oa&y The method of preparation is to boil with dry 
steam two parts of freshly-slaked lime with one part of sulphur 
crushed fine. The low solubility of calcium hydrate renders it 
necessary to boil for a long time (at least three and arhalf to 
four hours), and hence the use of lime as a precipitant requires 
more iron tanks and greater expense for fuel and labour. The 
reaction which takes place is — 

SCaHsOj + 12S = SCaSj + CaSjOs + 3HjO. 

As in the case of sodium sulphide, one equivalent of hyposulphite 
is formed for two of sulphide. Reference has been already made 
to the fact that the calcium sulphide oxidises much more readily 
than the sodium sulphides, the first stage of oxidation being 
represented by the equation 

2CaSs + 3O2 = 2CaS203 + 8S, 

and, therefore, there is always a large accumulation of sulphur 
in the storage tanks which can, however, be used over again. 

Calcium sulphide is less effective than sodium sulphide, be- 
cause in precipitating metals by polysulphides of the formula 
RSj, (x — 1)S is always liberated as free sulphur, and, therefore, 
the neutralising equivalent of calcium pentasulphide is only that 
of CaS, the remaining free sulphur being precipitated with the 
metallic sulphides. Practical experience confirms this theoretical 
reasoning, for it is found that the sulphide precipitate is of lower 
grade, and, in particular, contains over three times as much 
sulphur when CaSj is used as a precipitant as when using 
Na2S2 or Russell's sulphide. The bulk of the free sulphur can, 
however, be boiled out with caustic soda or lime and so utilised 
over again, but this means a troublesome additional operation 
in the mill routine. 

As regards the relative cost of the two precipitants for the same 
work done there would seem to be a conflict between the leading 
authorities. Hofmann states* that a test of 2011 tons of Cusi 
ore containing 45 ozs. per ton showed the consumption of sulphur 
per ton of ore to be 3-92 lbs. per ton, equal to 3-02 lbs. per ten 
on a 35-oz. ore. On the other hand, Stetefeldt quotes f the result 

* E. and ^f. J., vol. xlvii., p. 236. 
+ Trans. A.I.M.E., vol. xx., p. 29. 



196 



THE METALLURGY OF SILVER. 



of a comparative test at the Cusi mill which lasted fifty-nine 
days, from which it appears that the consumption of sulphur, 
using calcium sulphide as precipitant, was no less than 9 "3 lbs. 
per ton ; while using sodium sulphide the consumption was only 
2-9 lbs. per ton. As the ore was of much the same character, 
the two sets of figures are quite irreconcilable, but those reported 
by Hofmann are probably the more correct, since he had a longer 
experience with Cusi ores. From Russell's figures Stetefeldt 
attempts to prove that, even allowing for the gain in hyposulphite 
at current market value, the nett cost of precipitation is con- 
siderably greater with calcium sulphide than with the sodium 
salt. 

The nett result of the Hofmann combined process (starting 
with sodium hyposulphite and using calcium sulphide as precipi- 
tant) is also somewhat doubtful. The usual opinion, as expressed 
by Stetefeldt,* is that the sodium hyposulphite becomes gradually 
converted into calcium hyposulphite, and this is no doubt true 
when ores are treated which contain an excess of lime. Hofmann, 
however, states that although calcium hyposulphite is formed at 
first, the sodium sulphate produced during the roasting of a sul- 
phide ore, and still retained obstinately after base-metal leaching, 
is sufficient to effect a complete double decomposition, whereby 
gypsum is deposited in the ore, and the stock solution remains 
practically one of sodium salt. It is to be noted, however, that 
gypsum is soluble in such a solution to the extent of about 15 per 
cent, of the weight of sodium hyposulphite present ; and that 
according to Schnabel t the solution is accompanied by a partial 
double decomposition, with formation of sodium sulphate and a 
double sodium-calcium hyposulphite. On this supposition, when 
treating very calcareous ores the stock solution would never be 
free from calcium hyposulphite, even if sodium sulphide were 
used exclusively as a precipitant ; whereas with non-calcareous 
sulphide ores, even the exclusive use of calcium sulphide as a 
precipitant would not suffice to change all the sodium hypo- 
sulphite into the calcium salt, as the sodium sulphate in the 
roasted ore would undoubtedly precipitate some lime as gypsum. 
In all ordinary cases of calcareous ores, therefore, the relative 
affinities of lime and soda for sulphuric acid will balance accord- 
ing as more lime or mere soda is introduced, and the stock 
solution must be a mixture of the two hyposulphites. 

Relative Advantages. — The advantages and disadvantages of 
calcium sulphide as compared with the sodium salt may be sum- 
marised as follows : — 

* Trans. A.T.M.E., vol. xiii., p. 90 ; and vol. xx., p. 18. 
\ Handhiich der MetallliiUtenkunde, vol. i., p, 752. 
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1. Greater economy of chemicals, 
■especially in inaccessible places 
where lime is cheap, for then only 
one chemical (siilphur) has to be 
imported instead of three — viz. , 
caiistio, sulphur, and hypo. 



2. Solutions do not so readily be- 
come " caustic," thus calling for 
no bluestone or sulphuric acid as 
"* ' remedy. " 



3. Gain of the stock solution in 
hypo, more than compensates for 
the total loss of that substance from 
all causes. 



4. Sodium sulphate is to a great 
extent removed from the stock solu- 
tion instead of accumulating there. 



5. Lead may be separately preci- 
pitated from the silver solution by 
means of sodium carbonate. 



1 . Precipitating power of one equi- 
valent of sulphur as CaSj only one- 
third of that which it possesses as 
NajSj, hence enormously greater 
initial consumption of sulphur, a, 
lirge part of which, however, can 
be recovered. 

2. Greater cost of preparation both 
for fuel and labour, as well as larger 
plant required. 

3. Less solubility, hence a greater 
volume of precipitant is added to 
the stock solution, which becomes 
more diluted. 

4. Greater loss by oxidation — ■ 
which has the same effect as the 
last. 

5. Production of a larger bulk of 
precipitate which is contaminated 
with CaS04 as well as with free 
sulphur, which means increased cost 
for boiling, drying, and also for 
freight and refining. 

fi. Production by oxidation of such 
a large quantity of hypo, that the 
stock solution becomes in many cases 
too strong as well as too bulky, and 
part has to be run to waste. 

7. If caustic lime be used to 
separate lead, it produces a very 
impure precipitate. 

8. Formation of scale of gypsum 
in filters and false bottoms, as well 
as in all pipes, tanks, and launders. 



On the whole, it may probably be said that the disadvantages 
outweigh the advantages, except in a few cases where transport 
is expensive and lime obtainable locally at a cheap rate. 

Precipitation. — The silver solution must be stirred or agitated 
vigorously during the addition of the precipitant, excess of 
which must be carefully avoided, a few inches of space being 
always left in the tank so as to run in a little more silver solu- 
tion if necessary. Excess of precipitant is indicated by turbidity 
in the solution, smell of HgS, and discolouration of the sides of 
the tank. Over-precipitation is attended by the very grave result 
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of actually re-forming and re-precipitating silver sulphide in the 
next charges of ore upon which the stock solution is used. The 
precipitated silver sulphide should not be allowed to accumulate 
too long in the tank, as every time it is stirred up it becomes 
more slimy and settles with greater difficulty. At least, every 
other day it should be pressed and thoroughly washed in the 
press to remove sodium sulphate and other soluble salts, which 
increase its bulk and interfere more or less with the subsequent 
drying, roasting, and refining. 

Chemical Reactions. — The formation of sodium and calcium 
sulphide, and their oxidation to hyposulphites, has been already 
described. The oxidation of hyposulphite to sulphate in use is 
a simple replacement of sulphur by oxygen (thiosnlphuric acid 
itself being a sulphuric acid in which one atom of oxygen in the 
hydrogen radical is replaced by sulphur) and may be expressed 
by the equation — 

2S02NaONaS -I- 0^ =;2S02(NaO)2 + 2S. 

The reactions by which silver and gold in the ore pass into 
solution are : — 

2AgCl -I- SNajSA = 2N"aCl 4- Na„SA • AgoSA 
2Ag3Sb04 -I- BNasSaOa = 2Na3Sb04 -I- SCNasSjOs . AgsSzOs) 
2Au + 4Na2S„03 + + H2O = 2NaH0 + AuoSoOs . SNasSA- 

The reaction in precipitating by CaSj is : — 

AgjSjOs . NaoSoOs + CaSs = CaS^Os . NnS^Oa + AgJi + 4S 

and in part, at least, 

CaS^Os . NajSjOs + Na^SO, = CaS04 + 2Na2S„03. 

The reactions for the precipitation of gold, copper, and lead as 
sulphide are similar, and Na^Sj acts similarly to CaSj, except 
that there is only one- fourth the amount of free sulphur liberated,, 
thus — 

CUS2O3 . Na^SoOs -I- NajSa = 2Na2SA + CuS -1- S. 

Reversion of Silver Chloride. — With some ores, especially with 
those which are "light," the actual extraction of silver is equal 
to that indicated by the chlorination test performed on the 
roasted ore as charged into the tanks, but this is exceptional, the 
rule (especially with "heavy" ores containing much galena and 
blende) being for the mill extraction to show a deficiency of 
from 10 to 20 per cent, below the results indicated by laboratory 
tests. The reason for the discrepancy has been the subject of 
much speculation, but the explanation given by Morse * seems 
to be quite satisfactory. At the Holden mill (Aspen, Colo.) 
where, during the year 1892, over 30,000 tons were treated 
under a most careful system of checkweighings and assays, it 

* Trans. A.I.M.E., vol. xxv., p. 587. 
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was found that the percentage of silver soluble in hypo, as 
charged into leaching vats was 78'93, whereas after twelve hours 
base metal leaching the percentage soluble was only 64-33, a 
difference of 14:'60 of the total silver present. It is obvious that 
the silver must have been reconverted from the condition of 
silver chloride to some other combination insoluble in hyposul- 
phite (though soluble in Russell's solution, as will be hereafter 
seen), and Morse proves by experiment that the unaltered blende 
in the ore is an agent capable of effecting the transformation, a 
fact, indeed, long ago pointed out by Dubois * and Aaron f ; the 
reaction supposed to take place being the following : — 

2AgCl + ZnS = AgaS + ZnCLj. 

In the same paper by Morse it is shown that the corresponding 
reaction with lead may be utilised for enriching the base metal 
sulphide precipitate which is so expensive to refine. Instead of 
using sodium sulphide for the silver solution, after the first few 
precipitations as an experiment, the base sulphides at the bottom 
of the vat (at Holden, chiefly PbS) were stirred up for about two 
hours by means of compressed air, with each successive tankful 
of fresh wash-water. The silver of the base metal wash-water 
was found to be completely precipitated without adding fresh 
alkaline sulphide, and with the advantage of constantly enriching 
the precipitate first formed, the reaction being : — 

2AgCl -t- PbS = AgjS + PbCl^. 

It is not, however, stated how far the enrichment of the precipi- 
tate could be carried. An extension of this method might, 
perhaps, be possible, especially with cupriferous ores, whereby 
the base metal sulphides precipitated from the first wash-water 
should be utilised exclusively for the precipitation of silver from 
the stock solution in place of employing fresh alkaline sulphides. 
This would have the advantage of yielding only one lot of 
enriched precipitate for refining instead of two lots of larger 
aggregiite bulk and different quality as at present, while, if the 
precipitation of silver proved to be incomplete, the last traces 
might be precipitated together with part of the copper in a second 
series of tanks before pumping back the solution, this precipitate 
also serving as precipitant on a fresh lot of strong silver solution. 
The resulting presence of cuprous hyposulphite in the stock 
solution would be a positive advantage on most ores as the 
process would then become a sort of modified Russell process 
without its increased cost. 

According to Godshall I the reversion of silver chloride is due 
to other agents besides the presence of metallic sulphides, and he 

* J/in. and Scient. Press, May 11, 1S89, p. 334. 
t E. and M. J. , June 22, 1889, p. 563. 
% Trans. A.I.M.E., vol. xxv., p. 1027. 
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supposes that in the case of imperfectly roasted sulphide ores 
which sometimes show no improvement in chlorination on being 
left in heaps on the cooling floor, a reduction of AgOl to metallic 
silver may take place through the direct action of SOj evolved 
during the slow oxidation of the heap. 

Percentage of Extraction The percentage of silver extracted 

by the Patera-Kiss process varies from 70 up to about 85 per 
cent., as will be shown in the next chapter. Generally speaking, 
the percentage extraction is much higher on rich ores than on 
poor ones, though at Candamefla (Mex.) in 1885 the tailings 
from rich refractory 180-oz. ore treated by this process averaged 
from 18 to 20 ozs. per ton. 

Hofmann mentions * that the percentage of extraction on badly 
roasted charges of San Francisco del Oro ore (which contains no 
copper) was improved to the extent of 30 to 40 per cent, of the 
previous extraction by the addition of about 2 lbs. per ton of 
CuClj in solution (prepared by boiling a mixture of bluestone 
and salt in suitable proportions with steam). The CuClj is either 
added to the water in the vat before charging, or, it is added, a 
little at a time, during the whole duration of the base metal 
leaching process. The solution which left the ore was colourless, 
showing that the CuOlj had been decomposed in passing through 
it according to the equation CuClj + ZnS = CuS + ZnOlj. 
By this modification the ordinary Patera process is brought very 
near to the Russell process, but, however advantageous the 
addition of CuCl^ might be to ores containing no copper such as 
those of San Francisco del Oro and Yedras, it is difficult to see 
how any possible benefit could arise in the case of cupriferous 
ores. 

The Bussell Process.! — Reference has been already made J 
to the fact that salts of copper yield, with alkaline hyposulphites, 
double salts soluble in water and more so in excess of alkaline 
salt. The best known of these (the two-third salt of Lenz) has 
the formula 2Na2S203 . SCujSgOg, and is a yellow powder which 
can be dried at a temperature of 40° C. and is stable up to 80° C, 
above which it rapidly decomposes, yielding OugS and free sul- 
phuric acid. It is soluble in 352 parts of cold water, but in 
only eight parts of a 5 per cent, solution of sodium hyposulphite. 
These double salts exercise an energetic action upon all silver 
salts as well as on the metal itself, " which can only be compared 
to the action of Cu.jClj upon these salts, though the parallel is 
by no means close." || The most noteworthy point, however, in 

* V. also chap, ix., where the influence of CuClj in increasing chlorination 
on the cooling floor is referred to. 

t V. Stetefeldt " On the lixiviation of silver ores with hyposulphite solu- 
tions"; also Trans. A.I.M.E., vol. xiii., p. 47; vol. xv., p. 355; vol. xx., 
pp. 3 and 15 ; also Daggett, ibid., vol. xvi., p. 362, &c. 

J In Chap. i. on the properties of silver and its compounds. 

II Stetefeldt, Trans. A.I.M.E., vol. xiii., p. 56. 
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conneotion with the dissolving energy of these double salts is 
that it seems to be to a great extent independent of the degree 
of concentration of the solution, so long as the double salt itself 
does not become decomposed by substances present in the ore 
and so lose its activity. Russell in working out the relative 
proportions of the salts found that the best results were 
given by mixing two parts by weight of sodium hyposulphite 
with one part of copper sulphate (both in the crystallised con- 
dition), and the resulting solution probably contained the salt 
NajSgO^ . OujSjOj formed in accordance with the equation 

iNajSjOj + 2CUSO4 = NaaSzOa . CuzSaOs + 2Na2S04 + NajSiOg. 

The double cuprous-calcium hyposulphites are about equal in 
effect to the corresponding sodium salts, but the potassium salts 
are much less energetic. 

Action of Russell's Solution.— It was found by Russell that 
the above solution (which he calls the "extra solution") has, 
when used cold and in large excess, nine times the dissolving 
energy of simple hypo, for metallic silver. At a temperature of 
50° 0., however, its relative energy is only three and a-half times 
as great, and at a higher temperature the difference is still less 
marked. On metallic gold the " extra " has no more effect than 
ordinary solution. On freshly-precipitated silver sulphide ordi- 
nary solution has little or no effect, but extra solution in all 
conditions of dilution attacks it readily, a 10 per cent, solution 
being only 40 per cent, more powerful in its effect than one of 
1 per cent. This explains why extra solution should give a 
better result than the ordinary on ores of a refractory nature, 
except those which contain much substance of a character 
capa bl e of decomposing the double sal t. Gold sulphide is attacked 
in a similar manner to silver sulphide, CugS being precipitated 
as the precious metal goes into solution as hyposulphite. All 
silver - bearing minerals are attacked with greater or less 
rapidity by excess of extra solution, the order being chloride, 
bromide, iodide, metallic silver, argentite, stephanite, pyrar- 
gyrite, and polybasite. Fahlerz appears to be the most refractory 
of all silver-bearing minerals properly so called. From a valu- 
able series of experiments on raw ores, all of a "base" or 
refractory character quoted by Stetefeldt*, it would appear 
that the maximum percentage of extraction under experi- 
mental conditions with a large excess of extra solution varied 
from 32 per cent. (Ontario) up to 68^ per cent. (Lexington), 
72 8 per cent. (Custer), and 81 per cent. (Tombstone), compared 
with 7, 26, 28, and 70 per cent, respectively by ordinary 
solution, part of the silver in the last-mentioned ore being 
as chloride. In another series of experiments by Watson t 

* Trans. A.I.M.E., vol. xiii., p. 66. 
+ Daggett, ibid., vol. xvi., p. 460. 
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three different raw ores from Sombrerete showed extractions 
by extra solution of 70, 81, and 86 per cent., as compared with 
extractions on the same ores by ordinary solution of 25, 3, and 
8 per cent, respectively. It should, however, be understood 
that these results are merely those of laboratory experiments 
with excess of solvent, and cannot be taken as indicative of 
similar working results on the large scale. A further series of 
experiments by Russell proved that on many raw ores the per- 
centage of extraction was materially greater where they had 
passed a 90 mesh than where they had passed one of 40 mesh 
only, but that with roasted ores the percentage of extraction 
seemed to be but little affected by the degree of fineness. This 
is a most important practical point, for the rapidity of leaching 
is inversely proportional to the degree of fineness, and hence it 
is advisable to keep the ore as coarse as possible, having regard 
to the facility of roasting; e.g., a 16 or 20 mesh will serve for 
many ores, especially those of light character, while a 30 or 40 
mesh will be required for sulphide ores containing much lead or 
zinc. Still another series of experiments * in roasting Yedras 
ore with 7 per cent, salt in a mufile for a gradually increasing 
length of time varying from a half to two and a-half minutes 
showed that from 67 to 86 per cent, of its silver value was 
converted into a form soluble in extra solution, though with 
ordinary solution the percentage extracted remained constant 
at about 64'5. This result indicates the remarkable effect of 
momentary roasting in a Stetefeldt furnace on all light ores, 
especially those containing sulpharsenides and sulphantimonides 
of silver disseminated through a gangue of quartz and calcite. 
Such ores are particularly well adapted to the Russell process 
after a short roasting with only a small proportion of salt, 
because any metallic silver formed in roasting, together with 
the arseniate and antimoniate, is attacked and dissolved 
by the extra solution, while the solubility of AggAsO^ and 
AggSbO^ is actually increased by the presence of caustic alkalies 
in the solution, their behaviour in this respect being directly 
contrary to that of AgCl. 

It should be clearly borne in mind that although the extra 
solution is so energetic in its action upon all silver compounds, 
the solvent capacity of a given volume of it for AgCl is less than 
that of an equal volume of ordinary solution containing the 
same total amount of hyposulphites. In most cases, therefore, 
it is advisable to dissolve out as jnuoh as possible of the AgCl 
by ordinary solution, and then act upon the residual metallic 
silver and sulphide by " extra." 

With the object of diminishing the consumption of copper 
salts as well as of purifying the precipitate, it is advantageous 
in many instances to make the extra solution which has already 
* Daggett, Trans. A.I.M.E., vol. xvi., p. 463. 
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done its work upon one charge of ore, and still retains copper in 
solution, to pass through a second charge of ore, by which means 
it becomes Ireed from copper as well as enriched in silver. An 
extra solution used the second time is called a " special extra," 
and when used always precedes the regular extra solution. The 
advantages of this procedure are, however, often offset by the 
additional complications involved. 

Separate Precipitation of Lead. — Besides the use of .extra 
solution, which forms the principal feature in the Russell process,, 
there is another patented improvement which can be adopted with 
great success on certain ores — namely, the precipitation of lead 
from the solution by means of sodium carbonate. 

Separate precipitation of lead as hydrate from a hyposulphite 
solution by means of caustic lime was practised at the Mt. 
Cory mill (Nev.) in 1884, but it has the following disadvantages: 
— (1) The solubility of calcium hydrate is so slight that milk of 
lime must be used, and there is no means of ascertaining when 
precipitation is complete except by employing some other 
reagent ; (2) accidental addition of an excess of caustic lime 
redissolves part of the precipitate, besides impairing the solvent 
capabilities of the solution ; (3) the precipitate is contaminated 
with gypsum and with all the insoluble impurities of the lime 
and therefore fetches a low price. Eussell was the first to dis- 
cover the fact that PbCO, is almost insoluble in sodium hypo- 
sulphite solution while the carbonates of silver and copper are 
very soluble. The carbonates of iron, manganese, zinc, and 
calcium are also insoluble in hyposulphite solution, but all the 
salts of these metals which are soluble in hypo, are also more 
soluble in water than lead sulphate, and should be removed by 
the first wash-water. The advantages of using sodium carbonate 
for separate precipitation of lead are only attainable by employ- 
ing a sodium hyposulphite stock solution and using sodium 
sulphide exclusively as a precipitant ; they are the following : — 

(1) Saving in cost of refining silver sulphides through decreased 
bulk and increased richness. 

(2) Obtaining the greater part of the lead product in a clean, 
heavy, and compact form, free from Cu, Fe, Zn, (fee, and readily 
marketable. 

(3) Greater adaptability to the use of a hot stock solution, one 
of the chief objections to which formerly was the large amount 
of PbSO^ dissolved by it. 

(4) Saving in caustic soda and sulphur required to make 
sodium sulphide. 

As regards the silver contents of the precipitate, Eussell 
claimed that by washing in fresh, rather strong hypo, solution the 
precipitate might be so freed from silver as to carry only 2 ozs. 
per ton and to serve for the preparation of high grade litharge 
or red lead; but this degree of purity does not seem to be 
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attainable in practice, as the average contents of the carbonates 
obtained during a year's work at the Holden mill was 432 ozs. 
per ton,* and of those produced at Marsac from 600 to 1400 ozs. 
per ton.t 

Scheme of Operations. — The Russell process in its complete 
form being somewhat more complex than the ordinary Patera 
process the accompanying scheme of operations may be found 
useful. 
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Method of Leaching. — The treatment of ores by the Russell 
process is varied according to their nature, three principal 
■classes being distinguished, viz.: — (a) "acid," (6) "alkaline," and 

* Morse, Trans. A.I.M.E., vol. xxv., p. 145. 
+ Stetefeldt, ibid. , vol. xxi. , p. 286. 
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(c) "alkaline arsenical" ores, according to the reactions of the 
first wash-water. 

(a) "Acid" ores are those the first wash-water of which has 
an acid reaction owing to the presence of sulphates of the heavy 
metals. This is by far the largest class, in it are included the 
ores of the Ontario, Cusi, Sombrerete, and other mills, as well as 
almost all tailings from amalgamation processes, especially if 
roughly concentrated before treatment. This class is treated — 
after the first wash-water, which is universal except in the case 
of raw ores and tailings — first with ordinary solution, then with 
a strong extra solution, which is often circulated through and 
through the charge by means of the ejector or montejus pump, 
and then again with ordinary solution, which is, of course, 
washed out by the second wash-water. Sometimes the ordinary 
and extra solutions are alternated, but this is unusual with acid 
ores. The applicability of the Russell process, except in the 
ease of ores which contain a considerable amount of copper,, 
is not very evident. 

(b) "Alkaline" ores are those with a calcareous gangue, which 
after roasting contain an excess of CKUStic lime, and the first 
wash-water of which gives an alkaline reaction. Of this class 
are the ores of Lake Valley and those treated in the Maraac * 
and Holden mills. After the first wash-water, which is always 
cold, the charge is treated with alternations of weak extra and 
ordinary solutions in large volume ; the extra solutions being 
frequently applied cold, the ordinaries always warm. The rather 
complex series of alternations employed at the Marsac and 
Holden mills respectively are described in detail in the next 
chapter. 

(c) " ^ZAa^me arsemca^' ores are those calcareous ores which 
contain considerable quantities of arsenic and yield an alkaline 
wash-water. Practically the only ore of this class is that of 
Yedras. This class of ore is treated first with cold wash-water, 
then with cold ordinary solution, and then with a strong extra 
solution, which is allowed to soak into the ore during twelve 
hours, being followed by a large volume of ordinary solution and 
by wash- water as usual. 

Strength of Solutions and Consumption of Chemicals The 

ordinary stock hypo, solution used in the Russell process differs 
in no respect from that used in the Patera process, and varies in 
strength from 0-8 up to 1 '8 per cent. The loss of hypo, has been 
already referred to, but it may be here stated that the consump- 
tion of hypo, varies! (1) directly as the total volume of the 
stock solution ; (2) directly according to the strength to be 
maintained ; (3) inversely with the capacity of the works ; (4) 
inversely with the richness of the ore ; and (5) according as the 

* This ore though slightly alkaKne may be regarded as neutral, 
t Daggett, Trans. A.I.M.E., vol. xvi., p. 396. 
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ore is acid or alkaline. The average consumption of hypo, for 
acid ores is greater than for alkaline ores. 

The extra solution employed varies in strength from 1 5 to 
2'3 per cent, of hypo, and from 0'5 to I'l per cent, of bluestone. 
It is almost invariably made up on top of the ore charge by 
adding the required amount of bluestone to a small quantity of 
ordinary solution, together with the amount of hypo, found by 
experiment to be the consumption per ton treated. The whole 
of the required hypo, is added to the extra solution because — 

(1) The full amount of hypo, is required in order to dissolve the 
copper salt and keep it in solution, whereas the ordinary solution 
will do its work even if temporarily much lower in strength. 

(2) The " extra " solution after doing its work becomes ulti- 
mately converted into "ordinary" solution, part of its copper 
remaining in the ore and the rest going into the precipitate. 
When making up the extra solution on the surface of the 
charge the weighed quantity of chemicals is placed in a perfor- 
ated wooden box and the stream of stock solution allowed to 
flow through. Making up the solution in a separate tank, how- 
ever, saves a little time, and is, therefore, sometimes adopted, 

•especially with some alkaline ores which leach best when treated 
with a large volume of weak extra solution, which, running 
through the ore, leaves all its copper behind, becoming converted 
into ordinary solution. In the case of " acid " ores the function 
of the extra solution is to dissolve silver as sulphide and other 
combinations not acted upon by ordinary solution. It is, there- 
fore, necessary to employ a strong solution, and advisable to 
" circulate" it through the ore particles by pumping it back, so 
as to dissolve out as much silver as possible and to remove most 
of its copper from the solution, as otherwise waste of copper 
and debasing of the silver precipitate would result. Frequently 
after circulation, even for five or six hours, the solution still 
contains so much copper as to be capable of serving as a "special 
extra " solution on the next tank charge immediately before the 
regular extra, by which means not only is the "special" freed 
from copper, but the following regular "extra" mixes with a 
solution of its own strength instead of becoming diluted with 
water or ordinary solution. 

In the case of a simple alkaline ore, comparatively free from 
metallic sulphides, there is little danger that silver will remain 
in the sulphide condition after roasting, and therefore the chief 
use of the extra solution is not to attack insoluble compounds, 
but to protect the silver chloride from the action of caustic lime, 
which throws it back into the comparatively insoluble metallic 
condition. It is, therefore, quite possible and in many cases 
a Ivantageous to add all or part of the required bluestone in the 
first wash-water, by which nleans its copper contents are preci- 
pitated upon the ore particles as carbonate, and then the ordinary 
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solution, on being turned on, together with a slight addition of 
hypo., forms extra solution in the pores of the ore. 

Decomposition of Extra Solution. — Extra solutions of whatever 
strength, and however prepared, should not be stored for more 
than a few hours, as they are liable to two special sources of 
■deterioration which do not aifect the ordinary solution. The 
first is a spontaneous decomposition much aided by heat (as, for 
example, by the use of a Korting ejector pump), according to the 
following equation : — 

NaaSjOs . CujSsOs = NajSOi + CujS + SO2 + S. 

The SO2 takes up oxygen and water to form sulphuric acid, 
which, if the solution had been made up with fresh water, would 
remain free. Seeing, however, that the "extra" solution is 
always made up with the stock solution, which contains more 
or less sodium and other soluble chlorides, the ultimate result 
may be considered to be the liberation of free hydrochloric acid 
according to the following equation : — 

NajSzOs . CU3S2O3 + 2NaCl + HjO + = 2Na2S04 + CusS + 2HC1 + S. 

The second process of deterioration is a peculiar slow oxidation 
to tetrathionate, particularly noticeable when a geyser (air-) 
pump is employed, from which the ordinary solution, for some 
reason, appears to be exempt, and which may be represented as 
follows : — 

gQ ( NaO 

2SO2 j ^^^ + + H2O = M ^ + 2NaH0. 

^°2 ( NaO 

The Precipitants. — The composition and preparation of the 
■sodium sulphide has been already described in connection with 
the Patera process. Frequently, however, the pure crystallised 
]Sra2S is used instead, and this appears to avoid bringing traces 
of caustic soda into the solution. 

The sodium carbonate solution is best prepared by dissolving 
Solvay soda in stock solution, so as not to dilute the latter too 
much. Common soda-ash may be used, but it must first be 
freed from traces of NajS (which would precipitate Ag^S with 
PbCOg) as well as from traces of NaHO, which would impair 
the dissolving energy of the stock solution. Both impurities 
are removed from the strong carbonate solution by first digest- 
ing it with a little sulphur so as to convert traces of NaHO into 
NagS, and then removing the whole of the sodium sulphides by 
adding copper sulphate as long as a brown precipitate is pro- 
duced. When using the sodium carbonate precipitant it must 
be added cautiously as long as a precipitate forms, and care 
must be taken to avoid excess — not, however, on account of any 
injurious eflFect upon the solution, but simply because when 
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any caustic soda has to be neutralised in the stock solution the 
carbonate would also have to be neutralised, using more acid 
and producing more sodium sulphate. 

Precipitation of Lead and Silver. — The precipitate of lead car- 
bonate is much less bulky than that of the sulphide, and being 
crystalline in character, provided the contents of the precipi- 
tation tank are thoroughly stirred during the addition of sodium 
carbonate and for a minute or so afterwards, settles rapidly, so 
that in half an hour the solution can be syphoned oflf into the 
silver precipitation tanks. On calcareous ores, however, con- 
taining only small quantities of lead, separate precipitation of 
this metal is not worth the additional expense, as the small 
amount of precipitate obtained is too much contaminated with 
gypsum. 

Silver sulphide precipitation in the Russell process should be 
conducted with the same precautions as in the ordinary Patera 
process. It has been claimed that over-precipitation is of less 
importance than in the ordinary process, since any silver sul- 
phide precipitated in the pores of the ore charge by an excess of 
sulphide in the stock solution, would be re-dissolved by the extra 
solution, especially if a trifle stronger than usual ; but this is a 
very dangerous sort of belief to work by, and it is always safer 
to leave a small part of the metals unprecipitated than to add 
excess of sodium sulphide.* 

Chemical Reactions. — The reactions common to the Patera and 
Russell processes, as well as those which take place in the 
formation and oxidation of extra solution, have been already 
referred to in this chapter. 

The mode of action of extra solution upon metallic silver and 
sulphide is probably a replacement of copper by silver in th& 
double hyposulphite, as shown by the following equations : — 

NajSA . CujSA + AgaS = Na^SaOs . Ag^SA + Cu^S. 
NajS A • CU2S2O3 + 2Ag + + xH„0 = Na^SA . Ag,S A + Cnfi . xU^O. 

In the case of an ore containing excess of caustic lime this 
cuprous hydrate at first re-dissolves in the excess of sodium 
hyposulphite, forming another double salt richer than the normal 
salt which acts upon refractory silver compounds more energeti- 
cally than the simple sodium salt, though much more slowly than 
the normal double salt. The reaction may, perhaps, be as 
follows : — 

SiNa^SA ■ Cu^SA) + CU2O = 2(2Na2S203 . 3CU2S2O3) + 2NaH0. 

Ultimately, however, by the continued action of the caustic 
lime practically all the copper remains precipitated in the pores 

* Except for the definite purpose mentioned on p. 210, and even then the 
excess must be neutralised before running the solution into the storage 
sumps. 
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of the ore, while the silver present is fairly well extracted. It 
seems likely that with ores of this class some benefit would be 
derived by adding, together with the first wash- water, a sufficient 
quantity of free sulphuric acid to convert the free caustic lime 
present into sulphate. The chief drawback, however, to this is 
the increased difficulty of filtration caused by the formation of 
additional gypsum at such an early stage of the leaching, besides 
the expense. Practically speaking, the chief functions of extra 
solution in an alkaline ore are to prevent reaction of caustic 
lime upon AgCl and to re-dissolve any metallic silver formed by 
this reaction during the base metal leaching. With such ores a 
considerable quantity of bluestone is required to act upon them 
for a long time in order that the cuprous salts may thoroughly 
penetrate to every particle. 

In the case of a thoroughly roasted quartzose ore containing 
no free caustic lime and little or no unaltered zinc and lead 
sulphides, the free hydrochloric acid formed by spontaneous 
decomposition of the double salt, as already seen, complicates the 
reaction by re-dissolving any cuprous hydrate separated as 
follows : — 

CujOcbHjO + 2HC1 = CujCl^ + (x + IjE^O. 

Most of the copper thus remains in the leaching solution in a 
form which actively attacks silver both in the metallic and 
sulphide conditions, and transforms it into chloride, which is 
dissolved by the hyposulphite solution. On such ores the extra 
solution retains its activity for a long time, and only a small 
amount of bluestone is, therefore, required. 

When, however, a heavy ore is only partially roasted (as, for 
example, in the Stetefeldt furnace) so that it still contains unde- 
composed zinc and lead sulphides, the CujClg formed as above is 
almost instantaneously decomposed according to the equation : — 

CU2CI2 -I- ZnS(PbS) = Cu.jS + ZnS(PbCl2). 

Similarly, it is probable that unaltered sulphides may act 
directly upon the cuprous double salt as follows : — 

NajSA . CU2S2OS + PbS(ZnS) = Cu^S -1- Ns^S^O^ . PbS203(ZnS203)- 

At any rate, whether in accordance with the above equation or 
not, it is a fact that such ores within a very short time precipi- 
tate the whole of their copper contents from extra solution so 
that the latter is no longer able to exercise any but a very weak 
solvent action upon silver compounds ; less, indeed, than an 
equal volume of ordinary solution. 

Reference has been made to the loss of hyposulphite through 
conversion into tetrathionate during the formation of the extra 
solution (no less than 1 lb. for each 1 lb. of bluestone dissolved), 
and to the continued formation of this salt through oxidation of 
the extra solutions. The tetrathionate is not a solvent for silver 

14 
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compounds, and, therefore, it is fortunate that it can be recon- 
verted into hyposulphite by simply adding sodium sulphide, 
when the following reaction takes place : — * 

NajSiOe + NajS^ = 2Na2S203 + xS. 

This reaction only comes into play when all the silver has 
been precipitated ; it is, therefore, advisable when using the 
Russell process to always throw down ail the metals in solution 
by adding the full amount of sulphide, even at the expense of 
somewhat debasing the precipitate, and now and then it is well 
to over-precipitate a few tanksful of solution so as to convert 
all the tetrathionate present into hypo., running in a little fresh 
silver solution afterwards to neutralise the excess of sodium 
sulphide added. The free sulphur added to the precipitate in 
this way can be easily roasted off. 

Consideration of Meactions. — From a consideration of the above 
reactions we might conclude d priori that the addition of a small 
quantity of bluestone to the hyposulphite leaching solution 
(which, practically speaking, is the only essential feature of the 
Russell process) would result in a notably increased extraction 
of silver only in the case of thoroughly oxidised t ores composed 
principally of quartz and of earthy gangue with calcite ; that 
ores containing a very large proportion of calcite would require 
a proportionately larger amount of bluestone and a longer time 
in order to show any useful effect ; and finally, that ores con- 
taining any large quantity of zinc or lead sulphides (as, for 
example, badly roasted galena ores) would show practically no 
effect from the use of Russell's solution in any ordinary or 
reasonable quantity. These conclusions are confirmed by the 
results of practical experience, the ore so successfully treated at 
the Marsac mill being an example of the first class; the Aspen 
ores treated at the Holden mill of the second ; while the ores of 
Gusihuiriacldc, San Francisco del Oro and Sombrereie, which are 
not suitable to the Russell process, are examples of the third 
class. Further reference to the claims put forward on behalf of 
the Russell process will be found in the next chapter. 

Percentage of Silver Extracted. — On the average the percentage 
of silver extracted from chloridised ores by the Russell process 
is higher than by the ordinary Patera process, and it also com- 
pares very favourably with pan-amalgamation as regards almost 
all base ores. The following table shows actual mill results 
obtained on the various ores mentioned. It is to be understood 
that each ore was subjected to chloridising roasting with the 
percentage of salt found to give the best results, and the actual 
percentages of extraction given are (except those of the last 
column) calculated on the contents of the roasted ore. 

* Stetefeldt, Trans. A.I.M..^., vol.xx., p. 26. 

+ i.e., freed from sulphur by itoasting, or originally " light" ores. 
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TABLE XI. — Comparative Extraction of Silver by 
Amalgamation and Lixiviation. 





Alkaline. 


Acid. 


•5 




ir 


ii 


J 


is 


as 


§11 


ill 


Reference, 


1. 


2. 


3. 


4. 


5. 


6. 


7. 




Amalgamation, 
Patera process, 
Russell process, 


70-6 
53 
83-0 


82-2 
82-5 
92-7 


65-0 
71-1 

87-5 


82-1 
82-5 
92-5 


75 '4 
78-3 
84-8 


70 '3 
7'6-l 


82-5 
58-1 


74-3 

7.V0 
821 



References. — 1, 2, 4, and 5. Daggett, Trails. A.I.M.E., vol. xvi., pp. 
475, et seq. 3. Letts, E. and M. J., Jan. 4, 1893. 6. Hoyt, Private 
communication. 7. 0. Hofmann, Private communication. 

It is to be remarked that mill results by the amalgamation 
and Patera processes ■ often fall very far short of the percentage 
indicated in the assay office by a " chlorination test " with ordi- 
nary solution, whereas with the Russell process the percentages 
indicated by laboratory experiments can generally be realised, 
and occasionally slightly exceeded in practical working results 
on a large scale, provided the roasting be efficient. Further, it 
is found by experience that with "light" ores low in lead and 
zinc the results obtained in the mill are, to a certain extent, 
independent of the perfection of the roasting, whereas in the 
ordinary process a badly-roasted charge will frequently show 
a, falling-off in extraction of 20 to 40 per cent. The bad influence 
upon extraction of the "reversion" of AgCl to AgjS or to Ag 
which is disastrous in the ordinary process is also much less 
important in the Russell process, so that generally speaking the 
results are more uniform. 

The questions of arrangement of plant, consumption of chemi- 
cals, and cost of operation by the Patera and Russell processes, 
together with comparative data of the work done at difierent 
mills, and detailed descriptions of the practice at certain typical 
localities, will be dealt with in the next chapter. 

* The Marsac ore is practically neutral, and the Ontario ore, which much 
resembles it, is only slightly acid. 
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CHAPTER XII. 

HYPOSULPHITE LEACHING PRACTICE. 

Preliminary Treatment. — The crushing of ores as a prelimi- 
nary to their treatment by lixiviatiou is generally performed by 
means of stamps, rolls and other mills only proving successful 
■where coarse crushing is found to be sufficient, as at Broken 
Hill and Sombrerete. The following table shows the crushing 
plant, &c., in use at some well-known lixiviation mills: — 

TABLE XII. — Crushing Preparatory to Lixiviation 
AT Various Mills. 





Blue Bird. 


Marsac. 


Holden. 


Sombrerete. 


Broken Hill. 


Number of stamps, . 


80 


30 


30 


) ^ "^ 


C . 


Weight per head, . . 


900 lbs. 


750 lbs. 


850 lbs. 


C o O X 


33" 


Drops per minute, . . 


90 


92 


92 






Height of drop, . . 


7 ins. 


8 ins. 




5 H °^ 


"o ^ 


Mesh of screen, . . 


30 


20 




8 


6 


Duty, tons per 24 hours, 




2-3 tons 


3-3 tons 






Class of dryer, . . . 


Rotary 


Rotary 


Shelf 


Rotary 


none 


Class of roaster, . . 


Stetefeldt 


Stetefeldt 


Stetefeldt 


Reverb. 


W. Howell 


Number of roasters, . 


2 


1 


1 


6 


8 


Total crushing capacity 












tons per 24 hours, . 


150 


70 


100 


110 


180 



For a description of the chloridising-roasting of these and 
other ores see Chapter IX. 

Construction of Leaching Plant. — The plant for the Russell 
process does not necessarily differ in any respect from that 
required for the older Patera process. The details of Russell 
plants, however, have been so admirably worked out by the 
late C. A. Stetefeldt * that they have become, with few altera- 
tions, the standard for lixiviation plants everywhere, whether 
using the Russell process or not. A general plan of a Russell 
plant is shown in Pig. 59, in which A A are leaching vats, B B 

* V. Stetefeldt " On the Lixiviation of Silver Ores with Hyposulphite 
Solutions"; also same author. Trans. A.I. M.E., vol. xx., p. 3; Daggett, 
Trans. A.I.M.E., vol. xvi., p. 432, et. seq. ; Hofmann, Trans. A.I.M.E., 
vol. xvi., p. 662, &c. 
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lead precipitation tanks, C and D D silver precipitation tanks, 
and E E wash-water precipitation tanks. F, G, and H are pre- 
cipitate storage tanks, O O press tanks, and P P filter presses, 
while Q, R, and S are respectively the drying furnace, grinder, 
and sampler for the precipitates ; 1 1 and J J are respectively 
the solution sumps and solution storage vats, K being the- 
Montejus or air-pressure cylinder for raising the solution from 
the former to the latter. 

Leaching Tanks. — These, often called "ore vats," are shown 
in plan and section in Eigs. 60 and 61. The best material is 
clear well-seasoned Oregon pine, white cedar, or other straight 
grained soft wood. Both staves and bottom should be from 
3 to 4 inches thick according to size of tanks, which nowadays- 
in large plants is seldom less than 17 feet diameter. The staves 
must be carefully cut to the radii of the finished circle, nothing 
being placed between the joints but a thin coat of white lead, 
which many experienced metallurgists omit altogether. The 
bottom planks are grooved, the grooves filled with white lead 
and tight tongues di'iven in ; the bottom is cut 2 inches larger 
in diameter than the tank and is gained 1 inch into the stowes 
all round, a chime of 9 inches being usually left for security. 
When finished the tanks are hooped up with l|-inch round iron, 
rod provided with threaded ends passing through forged lugs 
and fastened with nuts, or flat iron may be used. The tanks 
are given three good coats of white lead paint inside and out to 
prevent absorption of solution, and all the iron work is coated 
with asphalt varnish to avoid corrosion, while the heads of 
bolts, &c., should be well imbedded in white lead, though oak 
dowels should be used wherever possible instead of bolts. 

Mode of Working. — The false bottom should be close down 
upon the bottom of the vat, both so as to secure greater resist- 
ance to the strain on the filter cloth and in order to leave as 
little space as possible below the ore in which solutions can 
collect and mix. The circular framework of 1^ by 1 inch slats 
crossing at right angles should rest upon the bottom of th« tank, 
leaving a |-inch annular space all round. The slats are covered 
with one thickness of cocoa-nut matting, and the canvas filter 
cloth, 6 inches larger in diameter than the tank, is fastened into 
the annular groove by driving in a ^-inch rope. The threaded 
flange forming the solution outlet is bolted through the bottom, 
both bolts and heads being imbedded in white lead. The tanks 
should always be filled from the top by means of a small track 
running over the whole series. 

The tank here figured, which is the ordinary Stetefeldt form, 

is about 7 feet 9 inches deep, permitting a charge of ore 6 feet 

6 inches deep. Daggett strongly recommends * these and even 

deeper tanks, pointing out that increased depth does not mate- 

* Trans. A.I.M.E., vol. xvi., p. 394. 
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Figs. 60 and 61. — Leaching Tanks. 
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rially diminish the rate of leaching, while increase in both 
diameter and depth has the following advantages : — (1) Saving 
in volume of stock solution required. (2) Saving in chemicals 
per ton of ore. (3) Saving in labour required for handling ores 
in and out and for leaching. Stetefeldt, however, observes* 
that although capacity increases in proportion to the sectional 
area of the vats, it remains nearly stationary as far as depth 
is concerned, and, in fact, since the rate of leaching usually 
decreases somewhat with increased depth, the same number of 
shallow tanks actually put through more ore than deep ones. 
There is a slight saving in handling, when the ore has to be 
shovelled out, and a slight saving in first cost, but the principal 
advantage of increased depth consists in reducing the total 
number of charges treated. This is in itself, however, an impor- 
tant advantage, since it results in a saving of skilled labour about 
the mill and a reduction in the amount of manipulation and 
number of tests, (fee. 

Shallow versus Deep Tanks. — Hofmann holds that the advan- 
tages of shallow tanks more than outweigh their disadvantages. 
He points out t one very notable disadvantage of the deep form 
of tank, especially when much salt has been used in roasting — 
namely, that the first portion of the base metal wash- water after 
passing through 7 feet of ore, even if part of the water be put in 
the tank before the ore is charged, becomes so concentrated in 
salt and soluble metallic chlorides as to dissolve a considerable 
and quite unnecessary amount of silver chloride, which is then 
precipitated in the base-metal sulphides instead of the rich sul- 
phides. This authority holds that the best depth for leaching 
vats is 3| to 4 feet, which can be readily sluiced out, the ore 
charge being only 2 or 2J feet deep, while charges of 6 feet or 
more in depth can only be sluiced out with great difficulty 
through the side-doors usually provided, and shovelling has to 
be resorted to. 

Fig. 62 J shows the construction of the Hofmann type of 
leaching vat, provided with central sluicing arrangement for the 
tailings. The vat figured is 12 feet diameter by 4 feet deep, but 
the diameter can be increased to 16, 20, or more feet without 
altering the other dimensions ; the method of putting together 
the bottom and staves is identical witli that already described. 
The opening in the bottom is 6 inches square, and to it is fixed 
one end of the cast-iron discharge tube, the other end of which 
is provided with a brass flange, O, and brass valve, m, worked 
by the hand-wheel, F. Round the centre of the vat is the 
wooden octagon, v, in which is cut the groove, p', and round 
the inside of the vat at such a height as to give the false bottom 
an inclination of f inch to the foot is cut the groove, p. The 

* Ibid. , vol, XX. , p. 4. t Private communication, Nov. , 1896. 

J Trans. A.I.M.E., vol. xvi., p. 673. 
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canvas filter cloth is fastened by driving ropes into these grooves 
after putting in the false bottom, which is a wooden lattice work 
made in sectors and covered with coarse matting, a is an air- 
escape pipe opening beneath the false bottom, and provided at 
the top with a piece of hose and a screw clamp ; z is the water 
pipe, and n a stiff sluicing hose which reaches down into the 
discharge pipe and remains there during the operation of charg- 
ing. The discharge pipe is filled with water through this hose 
before charging the tank, so as to prevent clogging afterwards. 




Fig. 62. — Hofraann Leaching Vat. 

The solution outlet, s', has to be connected with launders for 
base-metal solution, for strong and weak silver solutions, and 
for waste water. When a tank is to be dischai-ged after leach- 
ing, water is turned on and the discharge valve opened ; the hose 
is then moved up and down until a funnel-shaped hole is opened 
to the surface, and other streams of water can then be turned 
on to completely sluice out the mass of tailings into the 
launder, m, which must have an inclination of at least | inch 
per foot. The lixiviation solutions may be run on to the ore 
through a pipe or a launder, but in any case, and whatever the 
type of leaching vat adopted, they must be run into a small box 
or trough resting upon the surface of the ore and perforated 
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with holes, through which the solution can make its exit with- 
out disturbing the surface of the charge. In the case of most 
ores the natural rate of filtration is fast enough for leaching, but 
with some finely-pulverised ores, and others which filter very 
slowly, as well as with tanks charged by the system of trough- 

lixiviation shortly to 
be described, it is 
necessary to accelerate 
the speed of leaching 
by artificial means. 
This may be done 
either by the use of 
a Korting ejector con- 
nected with the solu- 
tion outlet (which, 
however, has the dis- 
advantage of diluting 
the solution with con- 
densed steam) or by 
means of a Montejus 
tank connected with 
a vacuum pump, in 
which case a single 
pump can be connected 
with a long series of 
tanks by means of a 
pipe, and any given 
tank shut off as re- 
quired. 

Precipitating Tanks 
and other Plant. — The 
precipitating tanks are 
constructed in the same 
general fashion as the 
ore vats, but they are 
made smaller and 
deeper, as shown in 
Figs. 63 and 64, which 
represent the usual 
form of tank with the 
addition of the Stete- 
feldt quadrant arm 
arrangement for draw- 
ing off the solution, which is now quite obsolete. In its place a 
stiffened hose, which is lowered as required, is usually hung in 
the solution, with its mouth just below the surface. Formerly 
precipitating tanks were frequently provided with mechanical 
stirrers, either in the form of vertical rods hanging from horizontal 




in 12 

Uhl 



10 F: 



Figs. 63 and 64. — Precipitating Tank. 
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from boiler 



cross arms in dolly-tub fashion as recommended by Hofmann,* 
or in the form of a propeller blade revolving in a horizontal plane 
about 1 foot from the bottom of the tank as recommended by 
Stetefeldt.t Usually, however, the stirring was done by hand 
with an oar, ten minutes or so for each tank being found 
sufficient. Stirring with a jet of compressed air partially shut 
off so as to produce unly a stream of bubbles was first introduced 
by Hofmann and proved very effective, the decomposition of 
hyposulphite by oxidation 
being only very slightly in- 
creased ; this method of stir- 
ring is now in general use. 

After the precipitate has 
been allowed to settle, the 
clear solution is syphoned off 
by means of a hanging hose, 
as above stated ; the precipitate 
is run through a 2-inch cock 
(not shown in the figure) into 
the precipitate storage tank, 
which communicates with the 
press tank. This should be 
done at least every other day, 
as fresh precipitate settles 
readily, whereas that which 
has been stirred up with fresh 
solution several times becomes 
slimy and difficult to settle. 
The precipitates are forced 
through the filter-presses by 
means of wrought-iron press 
tanks on the Montejus system, 
provided with floating wooden 
pistons, above which steam or, 
preferably, compressed air is 
admitted, as shown in Fig. 65. 

The solution sumps and 
storage tanks for making up 
and heating the solutions must 
be, like the leaching vats, care- 




Fig. 65.— Filter Press. 



fully put together to prevent leakage. The heating is usually 
done by passing steam through a coil of 1^-inch lead pipe 
(about 100 feet) supported on blocks about 4 inches above the 
bottom. 

The solutions are raised from the various solution sumps by 
means of Geyser pumps or Montejus tanks, as plunger and 

* Trans. A.I.yi.E., vol. xvi., p. 676. 
t Traws. A.I.M.E., vol. xx., p. 6. 
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centrifugal pumps would be too much corroded by them. The 
Montejus system is decidedly preferable, as the same tank 
then serves for suction of the solution through the ore vats and 
for forcing it up to the precipitation vats, being connected as 
required either with the vacuum pump or with the compressed 
air pipes. 

The other principal appliances required are cast-iron lead- 
lined ranks for preparing the alkaline sulphide precipitant, 
plain india-rubber piping and stiffened hose, and ejector or 
Montejus pressure pumps worked by steam, or preferably by 
compressed air. Johnson filter-presses of gun-metal are com- 
monly used for the serai-fluid sulphide and carbonate preci- 
pitates, and a steam drying-room is required for the cakes of 
pressed and washed precipitates. None of these appliances 
require illustration here. 

Trough Lixiviation. — This plan was proposed by Hofmann * 
for leaching galena ores which percolate very slowly (San Fran- 
cisco del Ore), and others which set hard on the addition of 
water, like those of the North Mexican Mine (Ousi). The rate 
of extraction in hypo, solution, other things being equal, depends 
upon the rapidity with which the solvent passes between the 
particles of ore, and, therefore, it is the volume of solvent 
brought into contact with the ore rather than the time during 
which it acts which is the important factor in determining the 
rate of leaching as distinguished from the rate of filtration. 
The ore is shovelled or delivered by a worm-conveyor into a 
V-launder or trough through which a stream of the solvent is 
flowing, and the mixture of ore and liquid falls into a leaching 
tank like that shown in Fig. 62, but with a top overflow, in 
order to settle. The troughs may be about 150 feet long, with 
a fall of f inch to the foot ; they may be arranged in zigzag, and 
must have an outlet, consisting of a square box provided with 
a plug, corresponding to each tank. The quantity of solvent 
required is always, at least, equal to the total quantity required 
in tank lixiviation, and in practice varies from three times up to 
fourteen times the weight of ore treated. When the quantity 
is suflB.cient, extraction in the short space of three-quarters to 
one and a-quarter minutes is found to be so nearly complete that 
it cannot be materially improved by several hours of ordinary 
tank leaching. The separation of ore from liquid is the weak 
point as regards raw ores and tailings, but ores which have been 
chloridised become so granular that they settle much more readily 
than might be expected. In any case the actual leaching is so 
much quicker that, even if very large tanks are required for 
complete settling of the stream of pulp, the total number of tanks 

* E. and M. J. (1887), Sept. 10, p. 185; Nov. 26, p. 393; and (1889), 
March 16, p. 255; also Trans. A.I.M.E., vol. xvi., p. 662, where ageneral 
description of the process is given, together with plans, <fec. 
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required for a given daily capacity of the works is practically 
no greater. Ores containing much galena are more especially 
adapted to the process, for lead sulphate, as already stated, 
greatly reduces the solvent energy of hypo, solution for silver, 
and, therefore, in ordinary tank lixiviation the solution which 
percolates through the charge and takes up that substance 
becomes comparatively inert for silver before it reaches the 
bottom of the tank, which explains the very long time required 
to leach such ores in the ordinary way. In trough lixiviation, 
however, the solvent is not in contact with the ore sufficiently 
long for much lead to be dissolved out by it, and, therefore, the 
slowly soluble lead sulphate cannot retard solution of the more 
readily soluble silver chloride. 

The great advantage of trough lixiviation, however, only comes 
into play when it is employed for base-metal leaching of the ore 
as well as for the silver leaching, for by the employment of a 
large quantity of water in contact with the ore, the solution of 
brine and base-metal salts, which takes up some silver chloride, 
becomes instantaneously diluted, re-precipitating the silver 
chloride upon the finer ore particles, whence the hypo, easily 
dissolves it. The quantity of silver carried away in the base- 
metal leach is thus less than in tank lixiviation. 

In a Hofraann automatic trough lixiviation mill at Cusi 
(Chihuahua, Mex.) now no longer at work, the hot ore from 
the furnace bins was fed by a worm-conveyor into a closed 
spraying apparatus, where a spray of water instantaneously 
cooled it, and the hot stream then passed through a kind of 
double-cone coffee-uiill to break up the lumps. The stream of 
ore and water then flowed through a V-launder into the first of 
the series of four base-metal leaching tanks, in which it deposited 
most of its sand, then through the remaining empty tanks in 
succession, and finally left the last tank as a clear base-metal solu- 
tion nearly free from silver, which was run into scrap-iron tanks. 
As soon as the first precipitating tank was filled the stream was 
turned into the second, while the first was allowed to drain ofi", 
rinsed with clean water, and leached for silver by opening the- 
bottom valve and sluicing out the whole of its contents with 
hyposulphite solution in the required proportion. This should 
be determined by small scale experiments for each particular 
ore, and the required capacity of pumps, pipes, and hose for any 
given size of tank calculated in accordance with experimental 
results. The stream of hypo, and ore was carried in a V-launder, 
at least 150 feet long, to a second series of tanks similar to the 
first set in which the leached ore settled out, while the clear 
solution charged with silver was precipitated as usual. The 
solution in the leached ore being drained off and rinsed out 
with clear water, the tailings were sluiced to waste. 

The time saved by trough lixiviation over the tank system on. 
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the very base plumbiferous ores of San Francisco del Oro is very 
great, only fifteen hours being required for the whole process as 
against one hundred and nine hours by the ordinary method. 
The quantity of solution required on this difficult ore was also 
less, being only 108 cubic feet per ton as against 658 cubic feet 
per ton by tank lixiviation. It must not be supposed, liowever, 
that these advantages would be shown with all ores — indeed the 
contrary is the case with a great number. 

The relative advantages and disadvantages of trough lixivia- 
tion are : — 



Adoantagef!. 

1. Simplification of the tank mani- 
pulation and of the precipitation 
process owing to the solutions being 
more uniform in strength. 

2. Less loss of silver in diluted 
base-metal solutions. 



3. Saving of time in leaching and 
consequent saving in cost of plant 
for a given capacity of works. 

4. Great saving in labour through 
making the process automatic. 



5. Adaptability to every kind of 
ore and possibility of immediately 
adjusting the quantity of solution 
employed to suit changes in the ore 
— e.g., an increase in the percentage 
of galena. 

6. Less quantity of solution re- 
quired for leaching difficult plumbi- 
ferous ores. 



Disadvantages. 

1. Greater fall required and larger 
area which the mill plant occupies. 

2. Impossibility of using weights 
and assays of ore charged into tanks 
as a means of checking volatilisation 



3. Larger volume of solution re- 
quired on most ores. 

4. Greater deterioration of the 
stock solution by oxidation. 

5. Contamination of tlie silver sul- 
phide precipitate with fine ore-slime, 
and consequent heavier expense for 
freight and refining of the sulphides. 

6. Partial separation of the fine 
and coarse particles of ore in the 
settling tanks wherebj' tlie mass of 
pulp becomes impermeable to water. 
The loss of time in draining and 
rinsing would on some ores nearly 
equal the saving of time in leaching, 
while the tailings obstinately retain 
some solution, and so the loss is 
higher. 



On the whole it may perhaps be said that the trough system 
is preferable for low-grade heavy plumbiferous and such other 
roasted ores as resist percolation without being specially re- 
fractory. For all light ores and ores free from lead, as well as 
for those which leach rapidly, and for all refractory ores which 
contain any considerable proportion of their silver in the con- 
dition of metal, arseniate, or antimoniate, the tank system would 
seem to offer greater advantages. For raw tailings it is indis- 
pensable. 

Distribution of Silver in Products. — The total percentage 
of extraction at various lixiviation plants has been referred to in 
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the last chapter, and the following table shows the percentages 
of the total silver extracted in the different stages of the 
process. Where there is no separate precipitation of lead 
carbonate, the silver which would be precipitated in it is all 
found in the "regular" sulphide precipitate. 



Proportion ol Total Silver Extracted. 


Yedras. 


Blue Bird. 


IJolden. 


Marsac. 


In base-metal sulphides, . 
, , lead carbonates, . 
,, mill cleanings, 
, , " regular " or silver sulphides, 


10 
9U-0 


1-14 
97-02 


18-52 
1-04 

80-44 


7-25 

2-9 i 

0-65 

8912 


100 


100-00 


100-00 


100-00 



Cost of Lixiviation. — The cost of hyposulphite leaching — 
apart from the cost of preliminary crushing and roasting — is 
greatly dependent upon local conditions, and particularly upon 
freight rates and the distance from manufacturing centres which 
affect the price of chemicals. 

According to Stetefeldt and Daggett the average cost of leach- 
ing by the Russell process in a mill of the capacity of, 100 tons 
per day should be — 







s. 


d. s. d. 


Labour, . 


. $0.33 to 0.39 


= 1 


44 to 1 7i 


Fuel, . 


. 0.10 „ 0.21 


= 


5 „ 104 


Chemicals, 


. 0.56 „ 1.00 


= 2 


4 „ 4 2 


Repairs, 


. 0.05 ,, 0.15 


= 


24 „ 74 


Assaying, &c.. 


. 0.07 „ 0.08 


= 


34 „ 4 



$1.11 



1.83 



4 74 „ 7 74 



The former figure is somewhere about the cost actually attained 
at Broken Hill with the ordinary process, but there is no Russell 
process plant in existence working so cheaply. The figure quoted 
by Stetefeldt as a maximum is about the actual cost of leaching 
at the Marsac mill in 1892 to 1895, but it does not, of course, 
include the cost of crushing and roasting. The cost of the 
Russell process, however, should never be much greater than 
that of the ordinary process, the only additional item being the 
bluestone and an extra allowance of all other chemicals, while 
the extraction is in some cases much higher than by the ordi- 
nary process, especially in the case of ores rich in lime. 

Tables XIII. and XIV. give data as to costs and results at 
mills using the ordinary Patera and Russell processes respec- 
tively. It should be understood that the figures given as the 
cost of lixiviation do not include anything for treatment of 
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the sulphides, the total cost of which may vary considerably ; 
at Marsac it amounted to about 5s. 2d., at Holden (Aspen) 
to about 5s. 8d. per ton of ore, when the sulphides were 
shipped to smelters. The total average cost of treating ores 
by the Russell process in a well-equipped mill is thus brought 
up to about 32s. to 36s. per ton. It will be well to de- 
scribe in detail some typical examples of each process before 
drawing up a general comparison between the two. For this 
purpose the Yedras, Marsac, and Holden mills will be chosen as 
typical of the Russell process in its ordinary application to 
roasted ores ; and reference will then be made to the successful 
treatment of tailings by this process at various places. The 
Sombrerete and Broken Sill Works (at both of which the Russell 
process has been abandoned) will then be described as typical of 
the ordinary Patera process. 

Examples of the Kussell Process. — The most conspicuous 
successes achieved by the Russell process are in the case of 
calcareous ores in which silver chloride formed by roasting is 
again decomposed on cooling and during the leaching process. 

Zas Yedras (Sinaloa, Mex.).* — The analysis of average ore 
from this mine has been already given in Table IX. The ore 
was formerly worked by roast-amalgamation, the extraction 
being only 60 per cent. Lixiviation by the Patera process was 
then tried, but after a chloridising-roasting, in which no less 
than 17 to 25 per cent, of the silver was volatilised, the extraction 
only averaged 67'1 per cent, calculated on the roasted ore, or, 
say, 50 to 56 per cent, of the contents of the raw ore. For the 
Russell process a less perfect roast, involving a volatilisation loss 
of only 7 per cent., is sufficient, and of the remaining silver no- 
less than 82 '4 per cent, is extracted, or 76-3 per cent, of the 
contents of the raw ore. The extra expense of the Russell 
treatment is only about one-sixth of the value of the additional 
product obtained. 

The washing at Yedras is conducted as follows, the figures 
referring to total depth in the tank measured above the 
top of the ore ; there being, however, no room for the total 
quantity to be added at once, each kind of solution is added in 
several stages, making up the total depth required. 

The scheme is as follows : — (1) 40 inches of cold wash-water; 
(2) 150 inches of cold "ordinary" solution; (3) 24 inches of 
strong " extra " solution, which is allowed to sink down through 
the ore and stand in it for twelve hours ; (4) 190 inches of cold 
ordinary solution ; (5) 24 inches of second, or final, wash-water. 
The base-metal sulphides at this mill are unusually rich — not, 
however, because the first wash- water carries off any very excep- 
tional proportion of dissolved silver chloride, but because the 
actual quantity of base metals in solution is very small. 
* Letts, H. and M. J., Jan. 14, 1893. 
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Since the introduction of the Russell process at Yedras, some 
40,000 tons of old amalgamation and Patera tailings, averaging 
16'7 ozs. silver have been treated with extra solution without 
re-roasting, the percentage of extraction on this material averag- 
ing 56-6 per cent. The mill results on both ore and tailings are 
detailed in Table XIV. 

Marsac {Park City, Utah).* — One of the most successful plants 
now working the Russell process is that of the Daly Mining 
Company called the Marsac mill, analysis of the ore treated in 
which is given in Table IX. Besides stonebreakers and re- 
volving dryers, the plant has thirty stamps crushing dry through 
a 30-mesh screen at the rate of 2J tons each per day, together 
with 9 '5 percent, of salt. The salted ore is then roasted in a 
single Stetefeldt furnace and leached in six ore vats of the usual 
type, 17 feet wide by 9 feet deep. Most of the working data 
are to be found in Table XIV., but it may be well to give here 
in full the leaching programme or sequence of operations, which 
is much more complex than that at Yedras, the figures as before 
referring to the total number of inches deep in the tank measured 
by each kind of solution. The sequence is as follows : — (1) 40 
inches of cold wash-water ; (2) 30 inches of " extra " wash-water, 
with J^ per cent, bluestone ; (3) 120 inches of warm ordinary 
solution ; (4) 20 inches of warm strong " extra" solution, with f 
per cent, bluestone ; (5) 40 inches of warm ordinary solution ; 
(6) 20 inches of warm strong extra; (7) 100 inches of warm 
•ordinary ; and (8) 75 to 90 inches of cold wash-water. 

The " extra " solution is made up on top of the charge as usual, 
the whole of the "wastage" of hypo, being added to it, so that 
its actual strength is about 2J per cent. hypo, and f per cent, 
bluestone. The base-metal sulphides of this mill are compara- 
tively poor in silver, and they amount to only 3-8 lbs. of dried 
precipitate per ton of roasted ore. The lead carbonate is still 
poorer, and the amount is only 3'1 lbs. per ton of roasted ore. 
The composition of the different classes of precipitate produced 
at the Marsac mill is as follows : — 





Silver. 


Gold. 


Lead. 


Copper. 


Base sulphides. 
Lead carbonates, . 
"Regular " sulphides, . 


Ozs. 

2200-5200 

600-1400 

11,200-12,000 


OzB. 

1-6- 3-9 

0-6- 1-9 

111-121 


Per cent. 

38-45 

23-41 

trace to 1 


Per cent. 
2 -6-5 -2 

23-28 



The total percentage of extraction calculated on the roasted ore 
is 93-84, but the loss by volatilisation in roasting, if determined, 

♦Lamb, E. and M. J., Dec, 1892; also Stetefeldt, Trails. A.I.M.E., 
vol. xxi., p. 286, and vol. xxiv., p. 221. 
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is not made known. As in most other Russell process mills the 
loss of silver by volatilisation and dusting is ignored, and the 
loss of weight in roasting, if determined, is not published, while 
it is assumed that the loss of silver in roasting is nil. How 
erroneous is this unwarrantable assumption is proved by the 
experience of Morse* and of most other luetallurgists uncon- 
nected with the Eussell Process Oo., who have had experience 
with hyposulphite leaching. 

It should further be noted that the silver contents of the 
sulphides are determined by the so-called "corrected" assay, 
making allowance for loss in slag and cupel, while the silver in 
the ore is determined by the ordinary scorification assay, which 
gives results at least 3 or 4 per cent, too low. The loss by 
volatilisation is probably at least 5 or 6 per cent., so that adding 
this to the loss in assaying the true percentage of extraction 
calculated on the real contents of the raw ore would probably not 
exceed 85 per cent, at most. 

For further details about this plant Table XIV. should be 
consulted. 

Holden Mill (Aspen, Colo.).t — Analysis of an average sample 
of the ores treated by this mill has been given in Table X., fjom 
which it will be seen that the gangue is principally barytes and 
dolomite with some quartz. By mixing with the ores a small 
quantity of pyritic ore the sulphur is raised to 8 per cent., which 
is sufficient to convert practically all the lime in the ore into- 
sulphate. As withdrawn from the furnace the ore only showed 
52"5 per cent, of silver in the state of chloride extractable by 
ordinary solution and 78'4 per cent, extractable by Eussell solu- 
tion, but after lying on the cooling floor for an average of 102 
houi s the silver extractable by ordinary solution is raised ta 
78-99 per cent., and that by "extra" solution to 89'78 per cent. 
The leaching programme is as follows : — (1) 60 inches of water 
in tank followed by 60 inches more, or a total of 120 inches of 
first wash-water; (2) 150 inches of warm ordinary solution (1-8 
per cent, hypo.); (3) 50 inches of cold extra solution (0"5 per 
cent, bluestone) ; (4) 50 inches of warm ordinary solution ; (5) 
50 inches of cold extra solution ; (6) 100 inches of warm ordin- 
ary solution ; (7) 70 to 80 inches of second wash- water. 

The actual extraction on the roasted ore was no less than 94'21 
per cent., of which 51 '4 per cent, was extracted by the first 
ordinary solution, the remaining 42-8 per cent, coming out 
gradually through the alternation of extra and ordinary solutions. 
In this case the loss by volatilisation and dusting was found to- 
be 9 '2 per cent., so that the true percentage of extraction on raw 
ore as ordinarily assayed was only 85 '58 per cent. The silver in 
sulphides being determined by "corrected," and that in the ore 

* Trans. A.I.M.E., vol. xxv., p. 137. 
tMorse, Trans. A.I.M.E., vol. xxv., p. 137. 
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by " commercial," assay, the true extraction on the real contents 
of the raw ore would not exceed 82 per cent. For further 
details as to the working of this plant reference should be made 
to Table XIV., and to the original paper by Morse already 
cited. 

Treatment of Tailings by the Bussell Process. — At 
BullionvUle (Nev.)* in 1885 and subsequent years a large quan- 
tity of amalgamation tailings was treated by the Russell process 
in 12 feet tanks at the rate of over 100 tons per day. These 
taUings required per ton 6J cubic feet of extra solution (1-6 per 
cent. hypo, and 0-5 per cent, bluestone), 30 cubic feet of weak 
ordinary solution (0-9 per cent.), and 13 cubic feet of wash- water. 
In this case CaSj was used as a precipitant with the idea that 
more gold might be extracted. The consumption of chemicals 
and cost of process are given in Table XIV. 

At the Blue Bird mill (Butte, Mont.) from June to December, 
1893, 16,000 tons of tailings from roast-amalgamation by pans 
were treated raw by the Russell process at the rate of 100 tons 
per day, but as the tailings did not average over 7 ozs. per ton 
the process, with silver at a low price, was not a commercial 
success. Particulars of the work done are given in Table XIV. 

The Bimetallic Mill (Mont.) has a lixiviation tailings plant 
with twelve large tanks 22 feet diameter by 10 feet deep, holding 
150 tons each ; particulars of the work done are not published. 

At Sala (Sweden)t tailings from the concentration of a silver 
lead ore containing 1-4 per cent. Pb and O'OIS per cent. Ag 
( = 5^ ozs. per ton) are successfully treated by a modified Russell 
process in small vats 6^ feet diameter and 3| feet deep. A weak 
extra solution containing 1-43 per cent. hypo, and 28 per cent, 
bluestone is exclusively used ; it is run in till it stands about 
4 inches above the surface of the charge, a small quantity of 
sulphuric acid being added to neutralise calcite in the gangue. 
The solution at 40° C. is circulated through the charge by means 
of a Korting ejector for several hours, after which it stands for 
other four hours in the ore ; it is then drawn off, the tank 
drained, and then washed with a small quantity of hot water. 
The silver solution is precipitated in deep tanks with sodium 
sulphide, enough being added to throw down all the silver but 
only a part of the base metals, by which means a richer preci- 
pitate is obtained with a less consumption of precipitant. The 
precipitate dried in a filter press and subsequently at 100° C. 
contains Cu 40 per cent., Pb 9 per cent., Fe 6 per cent., Hg 
04 per cent., and Ag 9 per cent. (2940 ozs. per ton); being 
somewhat low-grade for "sweating" on a lead bath, it is gener- 
ally smelted together with lead matte for a rich bullion. 

* Egleston, Metalhirgy of Silver, Gold, and Mercury in the U.S., vol. i., 
p. 536. 

+ Asbeck, Abstracts Proc. Inst. Civ. Eng., vol. cxvi., p. 469. 
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Examples of the Patera Process — Broken Hill Proprietary 

Co. (N.S.W.).* — At the works of this company low-grade siliceous 
and ferruginous oxidised ores and tailings containing silver 
chiefly as iodide and chlorobromide are crushed and chloridised 
and then treated by a process, which, to the ordinary Patera 
process using sodium hyposulphite for leaching and sodium 
sulphide for precipitation, adds separate precipitation of lead 
as carbonate retained from the Russell process, the essential 
feature of which proved unsuccessful after a thorough trial. 
The special value of this separate precipitation of lead is simply 
that it very largely reduces the bulk of the silver precipitate 
the treatment of which is comparatively expensive, whereas 
the lead carbonate precipitate is simply sent to the lead blast 
furnaces to be smelted with siliceous ores. If the ores contained 
more copper no doubt a smaller proportion of lead would be 
dissolved, but in the comparative absence of copper a very large 
proportion of lead goes into the solution from which it is advan- 
tageously separated. 

The crushing of these ores to ^ or |-inch mesh has been 
described in Chapter VI., and their chloridisation in Howell 
furnaces in Chapter IX. (to both of which reference should be 
made), and only the actual lixiviation remains to be described 
here. The plant is essentially a Stetefeldt plant, the general 
arrangement and details being substantially as described in the 
present chapter.! I* consists of twelve leaching vats ranged in 
a double row on the upper level of the plant, and resembling in 
their construction that shown in Pig. 59, the dimensions being 
16 feet diameter by 9 feet deep, and the capacity 50 tons when 
filled to within 1 foot from the top. The usual form of filter 
(canvas stretched on matting and fixed with rope) was found to 
clog badly, and has been replaced by one of coarse quartz sand 
resting on one layer of matting supported by the usual false- 
bottom of slats and covered by a layer of old sacks. The bottom 
is so set as to have 1 inch fall towards the solution pipes, which 
is found to be ample for draining ; and the discharging doors 
for the roasted ore are on both sides, instead of on one side only 
as shown in Fig. 62. Below the leaching vats are twelve preci- 
pitation tanks, each 10 feet diameter by 9 feet deep, arranged 
in two rows of six, one below the other, the upper row being 
employed for lead carbonate and the lower row for sulphide 
precipitation. The remainder of the plant, precipitate and press 
tanks and filter presses, &c., are exactly as described and recom- 
mended by Stetefeldt, compressed air being employed for pressing 
the precipitates as well as for stirring and raising solutions. The 

* Private notes, 1896. 

t ('. also Stetefeldt On lixiviation with hyposulphite solutions, and the 
same author's papers in Trans. A.I.M.E., already referred to. 
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precipitant for silver is sodium sulphide, prepared as described 
in the last chapter. 

The chloridised ore treated averages about 4 per cent. Pb and 
12 ozs. Ag per ton, and contains from 6 to 8 per cent, moisture 
as received from the cooling floors. An analysis of it showed as 
follows*:— SiOj 78-40 per cent., Al^Og 0-l"4 per cent., Fe^Og 
8-62 per cent., MnO 5-07 per cent., ZnO 1-25 percent., PbClj 
3-76 per cent., AgCl 0-042 per cent., NaCl 2-48 per cent. It is 
charged direct from the tramway running over the vats upon 
the sand iilter, only a few old bags being interposed, and when 
the tank is full to within about 1 foot from the top (50 tons) it 
is levelled off. Base-metal leaching is then started by running 
on hot jacket water from the smelter plant, the temperature of 
which is about 120° F. ; as soon as the level of the water reaches 
the top of the tank the exit is opened and the base-metal wash- 
water is allowed to run away into a series of cemented scrap- 
iron tanks. The quantity of wash-water employed is only about 
12 cubic feet per ton, for it is found impossible to wash out any- 
thing like all the PbClg on account of its insolubility ; and as 
the natural leaching rate of the material is 16 inches per hour, 
only one and a-half hours are taken up with the first washing. 
The wash-water on its way to the scrap-iron tanks cools and 
deposits large quantities of PbOlj in the launders. The preci- 
pitate obtained from the first tank runs as high as 70 per cent. 
Pb and 800 ozs. Ag per ton, that from the last tanks being, of 
course, more contaminated with iron oxides, basic salts, dust, ckc, 
so that the general average of all the wash-water precipitate 
assays 60 per cent. Pb and over 500 ozs. Ag per ton. The escap- 
ing liquors do not contain above ^ grain of lead to the cubic 
foot (1 part per million). 

After the requisite quantity of water has percolated down 
through the charge, sodium hyposiilphite solution (1 per cent, 
strength) at a temperature of 80° to 90° F. is run on. The silver 
leaching is conducted by simple percolation through the charge, 
and the natural leaching rate of 16 inches per hour is reduced 
to a rate of only 4 inches per hour by means of a clamp on the 
solution exit hose. As a rule, about 63 cubic feet of hypo, are 
used per ton, taking forty-eight hours to pass through. Great 
difficulty was caused in the early days of the plant f by the 
formation of lead hyposulphite, which separated out in the 
solution pipes, in the filter bottom, and even in the ore itself, 
rendering the silver insoluble, choking the filter, and so causing 

* Private notes, Nov., 1896. 

tFor the information here given about the special features of this 
thoroughly well-managed plant the author is indebted to Mr. A. E. Savage, 
late assistant metallurgist of the Proprietary Company, who conducted 
most of the experiments and worked out the problems which presented 
themselves. The author has also made observations personally. 
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great waste of time and an enormous consumption of hypo- 
sulphite in order to give even an imperfect extraction of silver. 
It would appear that lead hyposulphite, though not very soluble 
in hypo., is formed in large quantity by the action of sodium 
hyposulphite on lead chloride ; when freshly formed in an 
amorphous condition this lead hyposulphite is readily decom- 
posed by sodium carbonate, but when once in the crystalline 
condition it is not perceptibly affected by some days' exposure 
to strong sodium carbonate solution. After consideiable experi- 
menting a remedy was found in the addition of NaCOg to the 
charge, and now after ten hours of silver leaching 360 lbs. of 
Solvay soda (7 lbs. per ton of ore) are spread upon the surface 
of the charge and the leaching finished as usual. The consump- 
tion of hypo, has been by this means reduced from 25 to 4 lbs., 
and the formation of crystallised lead hyposulphite in the ore 
and filters to a great extent prevented, but it still settles out 
in the launders as a hard, tough stalagmitic crust containing 
36 ozs. silver to the ton. It is advantageous to allow the lead 
hyposulphite to be formed in this way and then to decompose it 
by sodium carbonate rather than to add the latter salt at first, 
because a larger extraction of lead is thus secured, and because 
the instantaneous decomposition of the lead salt surrounds each 
particle of ore momentarily with a strong solution of sodium 
hyposulphite by which the extraction of silver is supposed to 
be notably increased. 

No second washing is given, the charge being merely drained 
as thoroughly as possible and discharged ; the saving in time 
thus effected, coupled with the abolition of all handling of dilute 
solutions, quite compensates for the loss of hypo. 

In discharging a tank the top layer ^ to 1 inch thick is care- 
fully skimmed off and returned to the chloridising plant, as it 
is found to assay from 6 to 50 ozs. per ton. The condition of 
the silver in this layer is not known with certainty ; it cannot 
be sulphide precipitate brought back in turbid solution, for the 
stock solution after decantation from the precipitate is carefully 
filtered before being raised to the storage tank. Some light is 
thrown upon its nature by some experiments of Mr. Savage 
upon the froth which is observed floating upon the surface of 
the solution above the charge. This froth was found to assay 
over 200 ozs. per ton, and to contain much amorphous silver 
iodide in the condition of an impalpable powder. It is probable, 
therefore, that the surface layer of cliarge owes its richness to 
the presence of silver iodide undecomposed in the chloridising 
furnaces. After skimming off this top layer a trench is cut in 
the tank charge from door to door, and samples are taken separ- 
ately of the upper, middle, and lower thirds, and of the bottom 
layer, say, 6 inches thick, besides a general sample of the whole 
of the material removed in the trench or cross-cut. The bottom 
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layer is found generally to contain up to double the average 
quantity of silver, but if the assay rises above that limit it shows 
that longer leaching or more solution is required. Lastly, a 
general truck sample is taken as the tank is shovelled out, and 
the mean of all the samples except the bottom layer is taken for 
the books as the true tailings sample. 

The silver solution comes out quite milky with lead carbonate, 
wliich though formed by the action of sodium carbonate upon 
lead hyposulphite does not seem to have had time to settle out 
in the ore, and is in particles too fine to be retained by the 
filter. It is collected in one of the precipitating tanks of the 
upper row, and precipitated with more NajCOj, stirring being 
effected by means of compressed air introduced through an india- 
rubber hose to the bottom, which gives rise to no appreciable 
loss of hypo, through oxidation. The precipitate is allowed 
to settle for three to four hours, and the solution is syphoned 
off into one of the precisely similar sulphide precipitation tanks 
on the next level by means of a vacuum hose* suspended by a 
string with its mouth just below the surface of the liquid. In 
these the silver (with a good deal of copper and some lead) is 
precijiitated by means of NagS^ prepared from caustic soda and 
sulphur in the usual way, and stirring as before is done with 
compressed air. The stock solution is then syphoned off, run 
through a filter, and raised to the storage tank, while the accu- 
mulated precipitate from several precipitations is run into the 
precipitate storage tank, thence to the press tank, and then into 
the filter press. The dried cakes of sulphide are roasted in a 
small reverberatory furnace, bagged and shipped to the refinery 
for treatment upon the cupel. 

The lead carbonate precipitate (amounting to no less than 
700 tons per annum) goes to the blast furnaces ; the lead 
contained in it is equivalent to 0'63 per cent, of the total 
weight of ore treated ; and, including that from the first wash- 
water collected in the scrap-iron taniss, from f to 1 per cent, 
by weight is recovered, or 20 per cent, on the total lead contents 
of the ores submitted to the process. It is not known how 
perfect is the extraction of gold, but the roasted lixiviation 
sulphides contain 21 per cent. Ag and 26 per cent. Cu, with 
an average of 5 ozs. gold to the ton, which is separated in the 
refinery.! Some further data with respect to the process here 
carried on are given in Table XIII. 

Various experiments were made with this plant with Kussell's 
extra solution, but the use of copper sulphate was found not to- 
afford any better yield, and, therefore, the Russell process for 
which the plant was designed was discarded altogether, with a 

* India-rubber hoae with a spiral of copper wire inside to prevent col- 
lapse. 

t V. Chap. xiii. , where a description of the process is given. 
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consequent gain in simplicity of working, besides the saving in 
copper sulphate and in the production of a richer precipitate. 

Sombrerete (Zacatecas, Mexico). — To Mr. Ottokar Hofmann, 
the greatest living authority on silver lixiviation, the author 
is indebted for an elaborate and exhaustive account of the 
vicissitudes of lixiviation practice experienced at Sombrerete, 
of which the following is a summary * : — 

The ore of the Sombrerete mine is complex, consisting of 
galena and black zinc blende (which two minerals carry most of 
the silver), iron and copper pyrites, with occasionally gray copper 
and ruby silver, all in a quartz gangue. The galena is as far as 
possible sorted out by hand for shipment to smelting works, 
notwithstanding which there is always sufficient present to raise 
the percentage of lead to 9 or 10 per cent.f Though heavy 
it is not very dense, and decrepitates on heating owing to 
the large percentage of pyrites ; coarse crushing is, therefore, 
admissible, steel wire screens of 8 mesh being used. 

The first process used was the common Patera process, the 
capacity of the works being 10 tons jier day, and the results 
satisfactory. A company was then organised, and a new 
lixiviation mill of the capacity of 50 to 60 tons per day 
erected according to the plans of Messrs. Stetefeldt and 
Russell, with Stetefeldt furnaces. The results were as follows : — 

TABLE XV. — The Russell Process at Sombrerete, Mexico. 



Month. 


Tons of 
Raw Ore 


Assay of 


Total Contents 


Total Returns. 


Per cent, 
of 




Worked. 


Raw Ore. 


of Ore. 




Extraction. 






Ozs. perton. 


Ozs. Silver. 


Ozs. Sliver. 




June, 1889, 


545-10 


40-2 


22,665-62 


8,777-4 




July, 


925-62 


36-87 


33,143-33 


19,695-8 




August, ,, 


466-45 


.30-5 


14,149-22 


8,336-5 




September, ,, 


866-61 


32-6 


2S, 156-30 


19,764-5 




October to December, 1889, 


shut down 


for alterations. 




January, 1890, 


1019-20 


31-45 


32,051-70 


13,055-1 




February, , , 


670-20 


34-15 


23,079-22 


12,393-0 




March, ,, 


961-90 


29-95 


28,438-96 


18,989-8 




April, ,, 


322-50 


30-75 


9,852-75 


7,615-7 




General clean-up 












of mill, . 








2,673-9 




5777-58 


33-16 


191,536-99 


111,301-7 


58-1 



* As a large number of details referring to the Sombrerete practice are 
to be found in Table xiii., they need not be repeated here. 

■h Analysis of an average sample of the ore going to the leaching works is 
given in Table ix. 
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New proprietors, under the advice of Mr. Hofmann, discarded 
the Russell process, replaced the Stetefeldt furnaces by rever- 
beratories, and are now treating 60 or 70 tons per day in the 
same leaching plant by the ordinary Patera process with very 
satisfactory results. A description of the plant as now worked 
is as follows : — 

Crushing. — The plant consists of two shelf dryers and two 
revolving ditto, two large Blake crushers and two sets of rolla 
26 inches diameter and 16 inches face, working at 75 to 80 
revolutions per minute, and fed by hand from a shoot, as self- 
feeding was found to be too slow. Under these conditions as 
much as 2,558 tons have been crushed in 23 days' running time, 
or 111 tons per 24 hours, but the average crushing rate is 
limited by the mill capacity, and is only 2000 to 2500 tons per 
month. 

Roasting. — Hand reverberatories built of sun-dried bricks are 
in use, each unit consisting of 3 hearths 10 feet by 10 feet, two 
such long hearths of 300 square feet, each being put back to back 
so that the same tie-rods serve for the two furnaces. Thirteen, 
such double furnaces are in use, and some of them have been 
lately converted into two-storey furnaces with the object of 
increasing the capacity of the works. The ore in charges of 
1 ton each is placed into the hearth farthest away from the 
fire-box, and moved forward at 8- or 10-hour intervals, so that 
after 16 to 20 hours it arrives at the last hearth pretty 
thoroughly oxidised. Six per cent, of salt is then added and 
vigorously stirred in, so as to mix it as thoroughly as possible 
with the ore ; it is then left undisturbed for one and a-half to 
three hours according to the thoroughness of the previous 
oxidising roast, further stirring being avoided, as it increases 
the loss by dusting and volatilisation. The charge is then drawn 
and placed in a separate pile on the cooling floor to cool, after 
which it is tested for percentage of chlorination, deduction being 
made from the normal price of $1.25 vsay 5s. 3d.) paid to the 
roasting contractor in case the percentage falls below 90, which 
is the average. No water is used to assist cooling, as this often 
results in decomposing AgCl ; the ore is allowed to cool as 
slowly as possible on a cooling floor of ample size, not, however, 
in order to secure any material increase in chlorination, which, 
when the ore is properly roasted in the first instance, is hardly 
noticeable, but rather as a safeguard against loss through 
carelessness in drawing insufficiently roasted charges, and 
because slow cooling appears to give a higher extraction of 
gold. 

Each particle of ore usually remains in the furnace twenty-four 
hours, the length of the roasting operation being due partly to 
the coarseness of the mesh, but chiefly to the very high percent- 
age of sulphur. Finer crushing on this ore would not result in 
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better chlorination, and, although it would lessen, the roasting 
time, it would considerably reduce the crushing capacity, of the 
works. It is, therefore, cheaper to add a few additional roasters 
than to crush finer. The average loss by volatilisation, con- 
ducting the roasting in the manner above described, was only 
4-8 per cent.* 

Base-metal Leaching. — The plant is the ordinary Stetefeldt 
plant already described. Over the usual false bottom of slats is 
stretched the filter cloth of common cotton sheeting, which is 
fastened by pressing it into a groove cut in a piece of board, 
nailed, around the inside of the vat, a little above the false 
bottom. 

The ore is not wetted down on the cooling floor but is brought 
to the vats in iron trucks while still rather hot and charged into 
about 3 feet of water, which it soon heats, so dissolving the base- 
metal chlorides more readily and shortening the base-metal 
leaching time. The charge is 55 to 58 tons, and, as soon as it is 
all in, cold water is allowed to flow on top and leach through till 
the eifluent liquor gives no more discoloratio i on addition of 
sodium sulphide. The first liquors are hot and dark green in 
colour, and so strong that before the practice of charging into 3 
feet of water was introduced they used to crystallise out and 
block up the filter and outlet pipes. Such strong solutions dis- 
solve much silver chloride, and Hofmann considers that, for ores 
so rich in heavy metals, shallow tanks would, on this account, be 
far preferable. 

The base-metal liquor is equally divided between two precipi- 
tation tanks (each 9 feet 9 inches diameter by 9 feet deep), so 
that the last weak solutions may precipitate most of the dissolved 
silver chloride in the first strong liquors. Then 5 to 10 gallons 
of sodium sulphide solution is added, and the whole agitated 
with compressed air in order not only to carry down most of the 
silver remaining in solution, but also to change the finely-divided 
silver chloride suspended in the liquid into the sulphide which 
rapidly subsides together with part of the precipitated liase 
metals. The resulting precipitate, after washing and drying, 
contains 1500 to 3000 ozs. of silver per ton. The clear solution 
passes to a series of shallow masonry tanks filled with scrap iron 
arranged upon wooden benches, through which the liquors flow 
in the usual zig-zag manner and deposit their copper. The 
cement copper removed once m month contains, after washing and 
drying for shipment, 60 to 70 per cent. Cu and 500 to 600 ozs. 
Ag per ton.t 

Silver Leaching. — As soon as the effluent wash- water gives no 
precipitate on testing, stock solution is turned on. A very weak 

* For some details of the cost of roasting, &o., see table viii., chap. ix. 
t For the volume of base-metal wash- water, &c. , v. table xiii. , where all 
such data are given. 
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solution is used, in accordance with the well-known views of 
Hofmann,* and with tlie undoubted fact that with such solutions 
the loss of hypo, in tailings and in wash-waters is very much less. 
The average strength employed is only 0-5 to 0-75 per cent., at 
which it is readily kept by the normal oxidation of precipitant. 
The effluent wash- water is frequently tested, and as soon as it 
begins to show the slightest coloration the liquor is turned into 
the silver precipitation tanks. Leaching with hypo, is continued 
until a beaker-full of solution gives, with sulphide, n precipitate 
which, filtered oflf, well washed, dissolved with nitric acid, and 
again filtered, yields a solution which remains clear on addition 
of HOI. When this point is reached the solution is allowed to 
drain away until the surface of the ore is just exposed, and water 
is then run on in order to press out the remainder of the stock 
solution in the pores of the ore. Only sufficient of the effluent 
washed-out solution is run to the solution sumps to keep up the 
same total volume of stock. The residues, after draining, have 
to be shovelled out by hand, as sluicing out through the side 
doors proved unsuccessful in these deep tanks. 

Precipitation is conducted as usual, compressed air issuing 
from a |^ jnch nozzle at the end of a hose being used for agitation, 
as first introduced by Hofmann. After decanting the solution 
into the sumps, the precipitate is run into a precipitate vat, from 
which it is forced into a Johnson filter press and washed. The 
washed precipitate is dried in chambers at a temperature low 
enough to prevent ignition of the sulphides and shipped, together 
with the base-metal sulphides, to the smelting works at San 
Luis Potosi. 

The cost of treatment is $9.48 Mexican silver, which at the 
arbitrary rate of exchange adopted throughout this book is 
equivalent to £1, 3s. 8|d., details of which are given in Table 
XIII. At the present rate of exchange the total expense does 
not exceed £1 per ton. Details of the cost of chemicals, (fee, are 
also given in the table. 

Mr. Hofmann remarks f — " The Cusi Company went through 
a similar experience. The old lixiviation process was for years 
in successful operation on a scale of 50 to 60 tons per day," 
when the Company was induced to adopt the Russell process, 
"but, after one and a-half years' trial, resulting in a heavy loss, the 
process was discarded, and lixiviation with sodium hyposulphite 
alone again resumed." 

Comparison between the Russell and Patera Processes. 
— The literature of the Russell process is voluminous, and upon 
the strength of undoubted successes at Tedras and at Marsao 
claims of universal applicability and of superiority to the old 

" V. Chapter xii., p. 220. 

t Private communicalion, dated Nov. 16, 1896. 
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process are set up. There have, however, been instances of 
failure on the base sulphide ores of Cusihuiriachic, on the heavy 
pyritous and lead -containing ores of Somhrerete and San 
Francisco del Oro, and on the siliceous and ferruginous carbon- 
ates of Broken Hill. 

The claims made on behalf of the Russell process by its 
advocates in comparing it with the Patera process are as 
follows : — * 

1. Admissibility of coarser crushing. 

•2. Less perfect ehloridising- roasting required; consequently less salt 
need be used. 

3. The roasting may be accomplished in a suitable furnace instan- 
taneously, whereas the roasting for the ordinary process requires time. 

4. Results less dependent upon the perfection of chloridisation. 

5. More uniform and regular results produced by extra solution. 

6. Eesults not affected by the presence of caustic alkali in the solution 
as those of the ordinary process. 

7. Greater applicability to ores containing lime or lead. 

8. Production of sulphides comparatively free from lead and recovery of 
lead as a bye-product. 

9. Enormously greater extraction on raw ores, hence ores which require 
chloridisation for treatment by the ordinary process can often be treated 
raw by the Russell process, saving the additional expenses and losses. 

With the exception of 6 and 7 the validity of all these claims 
appears to be more or less questionable. 

The undoubted saving in cost of roasting and improved 
extraction shown even on such ores as are suited to the process 
is offset by the following disadvantages : — 

1. Additional cost of the much larger amount of chemicals 
required as shown by a comparison of Tables XIII. and XIV. 
The average cost of the chemicals used by the four mills treating 
ore under the Russell patents is no less than 5s. id. per ton of 
ore, whereas on the three mills using the ordinary process the 
cost is stated to have averaged only about Is. 6d. per ton. 

2. Greater complication in working and the increased number 
of operations required leads to the employment of a larger 
amount of skilled labour. 

3. Additional plant required corresponding to the increased 
time taken during lixiviation. 

Comparison of Lixiviation (Hypo.) with Amalgamation. 
— The advantages and disadvantages of hyposulphite lixiviation 
as compared with roast-amalgamation processes may be sum- 
marised as follows : — 

* Daggett, Trans. A.I.M.E., vol. xvi., p. 494. 
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Disadvantages. 

1. Greater deterioration of plant 
if run intermittently. 



2. Much closer supervision and 
accurate testing are required, in- 
volving a larger amount of assaying 
and other skilled labour. 



3. Much more danger of loss by 
leakage, and through carelessness 
in manipulation or in testing. 



Advantages. 

1. Smaller first cost of plant. 

2. Coarser crushing possible. 

3. Smaller amount of power re- 
quired, and consequently lower 
consumption of fuel. 

4. Lower working costs, and 
with anything like base ores a 
higher percentage of extraction. 

5. Utilisation, as bye-products, 
of part of the lead and copper 
contents of the ores treated. 

6. Smaller total quantity of water 
required. 

7. Cost of chemicals used is 
usually less than that of those 
used in amalgamation, including 
quicksilver and pan castings. 4. Inconvenient condition of the 

product (sulphides), the refining of 

8. Small value of necessary which requires mote skill, involves 
stock of chemicals compared with larger losses, and is much more 
£2000 to £8000 worth of quick- costly than the retorting of amal- 
silver locked up in an araalgama- gam and the refining of retort 
tion mill. silver. 

The extraction of gold by lixiviation is also, in most cases 
slightly greater, besides which small quantities of gold in the 
sulphides are paid for, whereas, in the pan bullion, they are not. 

At the Ontario and Marsaa mills a good opportunity was 
afforded during 1891 for comparing the two systems of treat- 
ment since both mills ran uninterruptedly on substantially the 
same ore.* The comparative results are summed up by Lamb f 
as proving that to treat about the same quantity of ore per day 
the Ontario (roast-amalgamation) mill required 39 per cent, more 
labour, 30 per cent, more stamps (in consequence of finer mesh 
of screen), 48 per cent, more salt, 40 per cent, greater cost in 
chemicals, double the number of furnaces and very much more 
power, while the extraction of both gold and silver on the roasted 
ore is slightly less. 

On the whole, therefore, the advantages of the Russell process 
for ores which need roasting as compared with amalgamation 
far outweigh its disadvantages. It is, however, still doubtful 
whether it can compete with smelting for heavy ores containing 
less than 30 per cent. SiOj, except where the ores contain exces- 
sive quantities of zinc, or in very inaccessible localities where 
the price of fuel would be prohibitive, and even in these latter 
pyritic smelting will ere long prove a formidable rival. 

* V. Analyses in Tables iii. and ix. + E. and M. J., Dec. 17, 1892. 
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CHAPTER XIII. 

THE REFINING OF LIXIVIATION SULPHIDES. 

Composition of Lixiviation Sulphides. — The sulphides from 
hyposulphite lixiviation vary considerably in composition, the 
variations depending more upon the nature of the ore and the pre- 
cipitant employed than upon any distinction between the Patera 
and Russell processes. The Kiss process always produces a low- 
grade precipitate containing a large excess of free sulphur and 
usually much gypsum also. Most of the free sulphur in the 
precipitate can be recovered by digesting with caustic soda, 

TABLE XVI. — Analyses of Sulphide Precipitates. 
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References. — 1 and 2. Hofmann, E. mid M. J. 3. Asbeck, Proc. Inst. 
Civ. Eng., vol. oxvi., p. 469. 4. Hofmann, private communication, Nov., 
1896. 5. R. B. Watson, private communicatioH, Sept., 1896. 6. Private 
notes, Dec, 1896. 



THE REFINING OF LIXIVIATION SULPHIDES. 243 

which dissolves it with the formation of sodium sulphide, which 
■can be subsequently used as a precipitant. In most cases, how- 
ever, it is simply roasted off and wasted. 

Very base sulphides, such as those from the base-metal wash- 
water, and generally also those from the raw leaching of tailings by 
the Russell process, are best sold to the smelters, who treat them 
by melting down, with ordinary roasted lead matte and siliceous 
silver or gold ore as flux, producing a very rich lead bullion, and 
a rich copper matte which may be desilverised by the Ziervogel 
process or by any of those mentioned in Chapter XVII. 

The ordinary sulphides, precipitated from the silver leaching 
of roasted ores by the Patera and Russell processes, contain 
usually between 6000 and 12,000 ozs. of silver per long ton 
{from 18 to 35 per cent.), and the composition of a few such is 
given in Table XVI., that of a Swedish precipitate from raw 
tailings being added for the sake of comparison. 

These ordinary sulphides may be treated in several different 
ways : — 

(1) By roasting out as much sulphur as possible, and then 
simply melting down in crucibles yielding a base bullion which 
is sold to refiners ; 

(2) By scorification on a bath of molten lead on a cupel, and 
subsequent cupellation of the lead ; 

(3) By matting and boiling out with sulphuric acid, subse- 
quently precipitating the dissolved silver on copper plates ; and 

(4) By the Dewey-Walter sulphuric acid process. 

(1) The Roasting and Melting Process. — The dried sul- 
phides are ground and roasted at a low temperature in a rever- 
beratory, the heat being raised only after nearly all the sulphur 
has been driven off. The roasting is always very incomplete, 
the resulting mass consisting largely of metallic silver-copper 
in lumps, and a mixture of half-fused copper sulphide and 
powdery oxide, the former predominating. The loss in dust 
and by volatilisation is always high. 

The roasted mass is broken up and melted in graphite 
crucibles yielding low-grade bullion, and a large quantity of 
very high-grade copper matte, from which part of the silver 
can be precipitated by adding scrap-iron, at the expense, how- 
ever, of debasing the silver bullion. Stetefeldt quotes * results 
of two such meltings at the Ontario Mill, in which, for 100 parts 
of silver bullion 875 fine the matte produced was, in one case, 
sixty-two parts, assaying 2720 ozs. silver per ton and 24 per cent. 
Cu, and, in the other case,, seventy-six parts, assaying 3308 ozs. 
silver per ton and 27 per cent. Cu. More perfect roasting would 
have lessened the proportion of matte at the expense of produc- 
ing a lower grade bullion and increasing the losses. This process 
is now practically abandoned, except in very small works. 
* Trails, A.I.M.E., vol. xiii., p. 291. 
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(2) The Sooriflcation Process. — This is by far the most 
widely used, as the sulphides produced at lixiviation mills can 
often be shipped to smelting and refining centres more advan- 
tageously than they can be handled on the spot. Where, how- 
ever, there is a very large output of sulphides, it is more 
advantageous for the milling company to refine all its own 
sulphides than to sell them to outside smelters. 

The process was in use at the Bertrand and other early 
lixiviation mills in the U.S., English cupel hearths being em- 
ployed ; the refining was in this case, however, not carried to 
completion, the bar silver produced being only 800 to 900 fine.* 

At the Sola Works (Sweden) it is sometimes employed, though 
not very well suited to the very base cupriferous sulphides there 
produced. 

At Sombrerete (Mexico) the sulphides produced, containing 
31 per cent. Ag, are shipped to the smelting plant at San Luis 
Potosi belonging to the same corporation and treated by this 
process. 

At Promontories (Alamos, Sonora) f a circular German hearth, 
6^ feet in diameter, is employed. The lead bath weighs 5 tons, 
and after it becomes well covered with litharge a charge of 
150 to 200 lbs. precipitate is added with a ladle, and covered 
with three times its weight of litharge. As soon as the addi- 
tions become pasty, blast is turned on, and the scum slagged 
and skimmed off, after which another addition is made with 
the blast turned off as before. The precipitate at these works 
averages 20 per cent, each of silver, copper, and lead, but some- 
times the amount of copper is so great that soft lead has to be fed 
into the bath along with the precipitate to keep it in condition. 

At the works of the Broken Hill Proprietary Coy.| the dried 
and partially roasted lixiviation sulphides, containing on an 
average 21 per cent. Ag, 26 per cent. Cu, and 6 per cent. Pb, 
are "sweated" on a cupel, the lead used being that from the 
crust-liquating furnaces, which already contains about 120 ozs. Ag 
per ton. The cupel is first saturated with litharge, and is then 
three parts filled with lead of the kind named. When this 
reaches a red heat the first charge is added, consisting of about 
60 lbs. of roasted sulphide, together with the same weight of 
" silver litharge" from the concentration cupels, containing about 
90 ozs. Ag per ton. Each charge is completely melted down before 
adding another, so that successive charges are added at intervals 
of about an hour. After the third charge the cupel is quite 
full, and the slag is run off. Five more charges are then made 
at about one-hour intervals as before, and, lastly, the slag and 

* Egleston, Metallurgy oj Silver, Gold, and Mercury in the U.S vol i 
p. 513. 
t Clemes, Proc. Inst. Civ. Eng., vol. cxxv., p. 121. 
X Private notes, 1896. 
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residual matte is ruQ off by adding fresh lead at the back, so as 
to raise the level of the bath of metal. A little coal is then 
thrown on top to form a ring, from the inside of which clean bars 
can be dipped, and the whole of the lead ladled out into moulds. 
It usually assays about 2000 to 2500 ozs. silver and 1 oz. gold 
to the ton. Prom the slags the matte is picked out by hand. It 
usually amounts to about one-ninth of the total slag, assays 
1300 ozs. per ton, and is returned to the cupel with the next 
lot of sulphides. The slag assays about 80 ozs. Ag, and is 
smelted in the refinery blast furnace together with other 
litharges and refinery products. 

Wet Processes. — The losses by volatilisation and " dusting" 
in the dry process are considerable, and processes in which 
the precipitate can be treated by acid result much better as 
regards the actual recovery of precious metals. It usually 
happens that in mining districts sulphuric acid is very dear, 
and, therefore, acid solution processes as a rule have little or no 
■chance of competing with the dry processes already described. 
When, however, there happens to be a good demand for copper 
sulphate, as, for example, in districts where silver amalgamation 
processes are in extensive use, or where the nature of the ore is 
such as to render the Russell process profitable, wet processes 
■can be introduced with great advantage. 

(3) The Matting Sulphuric Acid Process.* — Stetefeldt 
refers to the chief difficulties in the way of roasting sulphides 
in a reverberatory which are : — (1) Melting of free sulphur with 
the formation of little balls. (2) Existence of separate individual 
particles of pure sulphides of silver and copper respectively. 
(3) Predominance of silver sulphide, which is reduced to metal 
instead of oxidising. (4) The copper oxide formed reacts upon 
adjacent particles of sulphides, reducing them to metal, which 
thereupon protects other particles of sulphide from further 
action. At the Marsac mill, therefore, this authority introduced 
a modification of the matting process invented by Hodges for 
reining base Oomstock bullion, and already described in Chapter 
VIII. The matting of lixiviation sulphides is a much simpler 
operation, since no sulphur is required, the precipitate already 
■containing an excess, and the melting down takes place very 
quickly. The process consisted of (o) matting, (6) roasting, 
(c) dissolving in dilute £[280^, and simultaneously precipitating 
silver with copper plates, {d) crystallising out copper sulphate 
from the solution, (e) washing, pressing, and melting cement 
silver. 

(a) Matting. — The cast-iron pot employed was covered by a 
sheet-ii'on hood with a working door in it, the fumes being all 
drawn through the Roessler converter to condense any vola- 

* Stetefeldt, Trans. A. I. M.E., vol. xx., p. 37 ; xxi., p. 286 ; xxlv., 
p. 221. 
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tilised silver as well as the SOj formed. The sulphides fused at 
a low red heat, forming a very fluid matte which was poured out 
on cast-iron plates so as to get a brittle layer j in. thick, easy to 
pulverise. The wear of the iron pot by corrosion on the inside 
was very slight owing to the greater affinity of sulphur for 
copper at such low temperatures. On each shift one man matted 
about 800 lbs. of sulphides, consuming 220 lbs. of coal. 

The matte was cruslied in a small ball mill of the Briickner- 
Sachsenberg type like those used at Mansfeld. At 28 revolu- 
tions 150 lbs. of matte per hour were pulverised to 40 mesh 
with a consumption of IJ H.P. 

(6) Roasting. — The furnace employed was a small muffle, 
heated from the top only, the construction of which was pre- 
cisely similar to that used by Hodges.* At the end of the 
muffle were four iron pipes through which the fumes on their 
way to the Roessler converter were aspirated by means of a 
Korting ejector of hard lead. The charge of 600 lbs. took eight 
hours to roast at a low temperature, the draught being kept as 
low as possible. When finished a sample dropped into a beaker 
of water looked black while still showing the spangle reaction t 
owing to the presence of CugO ; the small black lumps should 
be apparently black throughout without a distinct red centre. 
All largish lumps and scales from tools, <fcc., were re-roasted. 
The roasting of 600 lbs. matte required 1000 lbs. of coal. The 
roasted matte was afterwards re-pulverised to pass through a 
40 screen. 

The Roessltr converter is a lead-lined tank 4 feet diameter by 6 
feet high, through the cover of which passes a 4-in. lead pipe 
connected with a large leaden ring with 1086 ^-in. holes in it 
standing 6 inches above the bottom. Between the inlet pipe 
and the furnaces is a Korting ejector which can be connected 
either with the roasting furnace or with the matting pot. 
Cement copper is charged into the tank together with a solution 
of bluestone ; practically all the SO2 and SO3 in the furnace 
gases blown through the solution are condensed and converted 
into copper sulphate. It was formerly considered that in this 
appliance free sulphuric acid was formed, together with cuprous 
sulphate, which was then re-converted into cupiic sulphate by 
the aid of free oxygen and of part of the free acid, the remainder 
acting upon the metallic copper present. Doubt is, however, 
cast upon this view by the experiments of Stetefeldt, | and in 
all probability the action of SUg and O upon metallic copper is 
direct and simultaneous. 

SO2 H- O2 + Cu -(- HaO = CUSO4 -f H2O. 

* Tranx. A.I.M.E., vol. xiv., p. 741. 

+ V. Description of the Ziervogel process, chap. x. 

t Trans. A.I.M.E., vol. xxi. 
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Any silver contained in the fumes is condensed in the form 
of a reddish precipitate assaying from 470 to 900 ozs. of 
silver per ton, practically all as sulphide soluble in Russell's 
solution. 

(c) Solution of the Roasted Matte. — This took place in two 
lead-lined tanks 3 feet 6 inches diameter by 5 feet 8 inches high, 
■with conical bottoms closed by rubber plugs. A lead steam- 
pipe terminating in a perforated ring served to heat the solution. 
Each charge consisted of 300 lbs. of roasted matte together with 
16 cubic feet of mother liquor from the crystallising vats, suffi- 
cient sulphuric acid being added to make up a total of 2 lbs. 
free H2S0^ present for each 1 lb. of copper in the matte. The 
solution was first put in and steam turned on, the matte being 
added gradually and boiled for two hours. Copper plates were 
suspended in the tanks in order to make sure of precipitating 
all the silver, but the wear of these was slight, as sufficient CugO 
was present to decompose nearly all the silver as sulphate, while 
that converted into metal during roasting remained unaltered. 
The solutions were run into covered filter tanks with asbestos 
filters through which they were drawn by a Korting pump. 

(d) Crystallising the Bluestone.— The lead-lined (6-lb. lead) 
crystallising vats still in use are 6 feet by 3 feet by 2 feet deep, 
and 48 strips of lead 20 inches by 3 inches are suspended in 
each to hasten the crystallisation and form small crystals. 
Upon these strips, and upon the lead lining of the tanks a 
thin coating of metallic copper was deposited arising from 
the spontaneous decomposition of cuprous sulphate (formed 
by direct solution of Cu^O in acid) on cooling. The crystals 
produced were utilised in the mill for the preparation of extra 
solution. 

The mother liquors after a time accumulated iron and other 
impurities, and were then precipitated by means of scrap iron ; 
the washed cement copper contained a considerable amount of 
silver, derived from the liquors of the Roessler converter which 
were also passed through the scrap-iron tanks, and returned to 
the matting pot. 

(e) Washing, Pressing, and Melting Cement Silver.— The 
accumulated silver from six charges of the dissolver is washed 
with one charge of hot water which is circulated by the Korting 
pump till it shows a gravity of 20° B., when it is turned into 
the crystallising tanks. Subsequent washings go first to a weak 
solution tank and then to the scrap-iron tank, washing being 
continued until the effluent hot water shows no blue colour on 
addition of ammonia. 

The washed silver is dried, pressed in a hydraulic press into 
flat cakes 6 inches diameter, weighing 7 to 9 lbs., and melted 
down in crucibles in the ordinary melting furnace, yielding bars 
950 fine. 
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The actual cost of refining by this process (at the Marsac 
refinery during 1892)— 48-8 tons (of 2000 lbs.) of sulphides, 
averaging per ton, 11,449 ozs. silver, 11-77 ozs. gold, and 569-8 
lbs. copper — was, according to Stetefeldt,* as follows :■ — 

Labour, coal, acid, supplies, steam 

power, &c., $6,422.00 

Freight, insurance, commission, and 

mint charges, . . . .10,173.00 

816,595.00 

Less 107,650 lbs. bluestone produced 
at 5.6 cents, 6,027.00 

Net cost, . . . 810,568.00 

The net cost is equivalent to 10^ cents, per lb. of sulphides, 
or $18.70 (£3, 18s.) per 1000 ozs. of silver turned out. Leaving 
out of consideration the freight and other realisation charges, it 
will be seen that the total cost at the refinery was practically 
offset by the value of bluestone produced. 

Comparing the precious metal contents of the material sent to 
the refinery with that of the products, there was a shortage of 
5660 ozs. silver, or 1-01 per cent., and a surplusage of 2 ozs. gold, 
or 0-19 per cent. Stetefeldt considers that a large part of this 
loss took place in melting, and that it would be much reduced 
by substituting a reverberatory furnace for the crucibles. 

The Dewey-Walter Process. t — This process, which has 
displaced that just described at the Marsac Mill, is based on 
the fact that finely-divided sulphides of silver and copper are 
converted into sulphates by boiling in strong sulphuric acid 
the silver sulphate remaining dissolved in the acid, while 
the copper sulphate is insoluble until the solution is diluted 
with water. The reaction which takes place in the case of 
AgjS is as follows : — 

Ag,S + 2H2SO4 = AgjSOi + 2H2O + SOs + S. 
S + 2H2SO4 = 2H2O + 3SO2. 

So that in all four molecules of HgSO^ are required for one of 
Ag^S. 

In practice the process consists of the following operations : — 
{a) Boiling the dried sulphides in an iron pot with strong 
H2SO4 (1-84 sp. gr.) ; (6) ladling into water in a dissolving tank, 
and washing the residue till nearly free from soluble silver; 
(c) precipitating the dissolved silver on copper plates ; (d) 

\ 

* Trans. A.I.M.E., vol. xxiv., p. 22g. 

t Dewey, Colo. S.S.M.S.G., vol. ii., N'o. 1, p. 29 ; also Trans. A.I.M.M., 
vol. xxvi., p. 242. \ 
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washing, drying, and melting the cement silver ; (e) crystallising 
bluestone from the liquors ; (/) treating the pot residues for 
gold. 

(o) Boiling in Acid — The pots used are 4 feet diameter, 3 feet 
deep, and 1 inch thick at the bottom, supported on a cast-iron 
plate, and they last on an average for about 24 charges. The 
charge is 975 lbs., to which at first 1000 lbs. of acid is added, as 
the actiou on the CuS is violent. When the boiling becomes 
quieter, more acid is added — 100 lbs. at a time, up to the 
total of 3000 lbs. — stirring at intervals to break up the 
masses of anhydrous CuSO^ which separate. Towards the end 
of the operation (which takes the greater part of 2 day 
shifts) the charge foams violently, and must be stirred over 
a low fire, after which it quiets down and the operation is 
over. 

(6) Dissolving.^The dissolving tank, 4 feet by 8 feet by 2 feet 
deep, of 2-inch lumber, lined with 12-lb. lead, is provided with a 
lead steam pipe dipping down to near the bottom for heating the 
solution, and a lead-lined cover. Below it are two filter tanks, 
the filter being constructed of two layers of cocoa matting 
between perforated lead plates supported on ridged slats ( .^X ) 
of sheet lead. Upon the whole is beaten down a layer of clean 
quartz sand, 3 inches or 4 inches thick, which forms the actual 
filtering medium, and is most successful in keeping the solutions 
clear and free from residue. Every fortnight, or whenever the 
rate of filtration becomes too slow, water is run in below the false 
bottom and the sand first stirred up and then allowed to settle, 
while the muddy water is pumped off. Repeating this once or 
twice, the sand is perfectly cleaned, when it can be levelled off 
and beaten down again for renewed service. 

The dissolving tank is at first filled with cold water, as the hot 
charge with excess of strong H2S0^ soon raises it to boiling. 
When the charge is in it is stirred, settled, and drawn through 
the filters; the first tankful of the solution, containing most of the 
copper being kept separate. Subsequent washings of the thick 
white mud with weak acid yield silver sulphate liquors at about 
20° B. 

(c) Precipitating. — This is done in lead-lined (8-lb. lead) tanks, 
that for the first or copper solution being 8 feet by 5 feet by 
3 feet, and that for the silver solutions being 9 feet by 7 feet by 
3 feet. In each tank there is a leaden pipe for agitating with a 
jet of mixed air and steam, and copper plates are placed round 
the sides of the vat. The silver precipitates in about four or 
five hours, and after the liquor has been run through an asbestos 
cloth filter, the cement silver is shovelled out with a wooden 
shovel into the sweetening tanks. 

(d) Washing and Melting the Cement Silver. — The process of 
washing, pressing, and drying the cement silver is conducted 
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just as in the process already described. The cakes of pressed 
silver are then charged into a plumbago crucible holding about 
2400 ozs., together with a little borax, more cakes being added 
as they melt down till the crucible has received its full charge. 
Nitre is then added, the molten metal is stirred with an iron rod 
and the slag removed with a skimmer. The additions of nitre 
and borax are repeated until the metal presents a bright, 
untarnished surface, when, after cleaning off the final slag, the 
metal is cast in warmed and greased cast-steel moulds, sugar 
being sprinkled on the liquid metal, and a cast-iron cover 
put over the mould to prevent sprouting on cooling. The chief 
impurity thus removed is iron, and about 1 J lbs. each of nitre and 
borax are used for each charge of 2400 ozs. The bar silver 
produced averages 999-4 fine, with no trace of gold. 

(e) Crystallising. — The solution from the silver precipitation 
tanks goes back to the dissolving tank, until, from accumulation 
of copper sulphate, it reaches 20° or 25° B. It is then filtered, 
evaporated to 37° B., and crystallised in the same set of crystal- 
lisers used for the old process, giving a first crop of bluestone 
crystals with only 0-34 per cent, of iron. The mother liquor is 
evaporated to 42° B. and again crystallised, giving bluestone, 
which after once washing with cold water contains 0'69 per cent. 
Fe, and the liquor after again concentrating to 50° or 52° B. 
yields a small quantity of impure bluestone with 302 per cent. 
Fe. The strongly acid liquors, after standing to deposit as much 
iron as possible, are pumped up to the storage tanks and used 
in the pots. A scrap-iron "guard tank" is provided for all the 
final washings. 

(/) Residue. — Five charges or 4875 lbs. of sulphides leave 
about 750 lbs. of (wet) residue, which is returned to the pot 
and boiled with its own weight of strong acid, after which it is 
washed, dried, and sent to the smelters. It consists chiefiy 
of PbSO^ with some AgCl and metallic silver, as well as earthy 
and siliceous matter from the filter. Of gold it carries from 
123 to 141 ozs. per ton. 

Results. — During 1894 the consumption of acid was 3-34 lbs. 
per lb. of sulphide or 0"68 lb. per oz. of silver; that of copper 
was 1 lb. for 2-27 lbs. of silver or 30-21 lbs. per 1000 ozs. silver, 
and the bluestone produced was 3-63 lbs. per lb. of copper sent to 
the refinery. One assayer and two labourers did all the ordi- 
nary work of the plant except shipment and clean up. 

The silver contents of the sulphides were determined in tripli- 
cate on each lot by scorification assay, corrected by assay of slag 
and cupel. The net result of the clean-up for 1894 showed 
a direct return of 96-29 per cent, of the true assay-value of the 
sulphides as fine bullion, free from gold, and 4-07 per cent, as 
residues and cleanings on hand, so that there was a plus clean-up 
of 0-3G per cent, on the mNpst careful corrected assays. This 
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Dewey justly claims* as a wonderful result, and summarises 
the advantages of the process as follows : — 

(I) Highly satisfactory recovery of silver. 

/2) Absence of roasting losses. 

(3) Large proportion of silver recovered as " fine " bars. 

(4) Small cost of operation, the bluestone recovered, returning 
a large proportion of the expense. 

(5) Simplicity of the process (and inexpensiveness of the plant) 
render it suitable for installation at individual leaching works. 

* Loc. cit. 
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SECTION IV.— EXTEACTION OF SILVEE 
BY SMELTING PEO CESSES. 



INTRODUCTORY. 



It has been already seen from Part I. that silver may he 
extracted from all ores containing that metal by smelting them 
together with lead ores, when the reduced lead takes up most 
of the precious metal contents of the ore and thus serves as 
a vehicle for their concentration. There are, however, other 
materials which can be employed for the same purpose. 

The smelting of silver ores, together with suificient lead-bearing 
material to yield enough lead to carry away the whole of the 
silver, dififers in no respect from the blast furnace smelting of 
lead ores properly so called ; in fact, it may be said that in almost 
every blast furnace lead works the smelting of more or less dry 
silver ores forms part of the normal routine. The details of 
such silver-smelting on a lead basis have been fully described in 
Part I., Chapters VI. to XI. inclusive, which may be considered 
as common ground to the metallurgy of lead and of silver. 

The collection of a portion of the silver in matte and speiss 
produced in lead furnaces has been already referred to, and it 
will be obvious that in the absence of a sufficient quantity of 
lead reliance may be placed on matte (or speiss) alone to effect 
a perfect collection of the precious metals. Speiss has been but 
seldom employed in practice, but the use of matte, common 
enough for at least a couple of centuries past, has of late under- 
gone remarkable extension through the introduction of practical 
means for utilising the sulphur in an ore as a source of heat, 
in the modern system of so-called pyritic smeltinc/. 

Any kind of matte- — except a pure iron matte — is found to be 
as efficacious in collecting the precious metals as lead itself, over 
which it possesses the advantage of non-volatility and the further 
advantage of permitting a higher degree of concentration with- 
out undue loss. In lead smelting, as has been already seen, the 
ore charge should yield at least 7 or 8 per cent, of that metal, equi- 
valent to a concentration of twelve or fourteen parts of ore into 
one of product. In using matte as a vehicle it is in most cases 
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quite easy to produce clean slags when smelting a charge which 
produces only 5 per cent, by weight, equivalent to a concentration 
of 20 into 1, while when necessary good results can be obtained 
in concentrating even 30 and 35 into 1. The drawbacks to the 
use of matte are two in number — viz., the greater expense for 
further treatment of the product of the ore furnace, and the 
greater difficulty of effecting a clean separation between the 
furnace products, owing to the closer approximation of their 
specific gravities. 

Oxidised copper ores may under appropriate circumstances 
be used for the concentration and withdrawal of the precious 
metals * in the form of auriferous metallic copper. The metallic 
copper so produced, admits of as high a degree of concen- 
tration as other mattes, as much as 1 by 30 having been 
obtained without very great increase of the normal slag loss ; 
moreover, the non-volatility of copper leads to a smaller loss 
of silver by volatilisation than is the case with lead furnaces. 
This use of metallic copper has, however, the drawback that 
the amount lost in slags, though not usually greater than in 
the case of lead, is yet far more valuable on account of the 
far higher price of the metal. Furthermore, such a copper con- 
centration process can only be applied to the exceptional case 
in which dry non-sulphide ores of silver are to be smelted and 
■where natural oxidised ores of copper are also available. 

The treatment of silver ores by smelting without the use of 
lead may conveniently be described under the following heads: — 
(1) Matte smelting in reverberatories ; (2) matte smelting with 
carbonaceous fuel in blast furnaces ; and (3) " pyritic smelting," 
by which is meant, not the concentration of precious metals by 
means of iron pyrites described under that name by Percy,t but 
the utilisation of the heat of oxidation of iron and of sulphur as 
a means of fusing the whole charge. 

The roasting of silver mattes differs in no wise from that of 
ordinary lead mattes already described in Part I., Chapter X., 
but their subsequent treatment may advantageously form the 
subject of a separate chapter. The special processes of extraction 
by means of metallic copper and of speiss are also referred to, the 
latter as a branch of matte smelting in Chapter XIV., the former 
in connection with the refining of argentiferous copper in Chap- 
ter XVII. 

Matte Smelting, t 

By a "matte"' the silver smelter understands any mixture of 
sulphides of the heavy metals which fuses at a smelting tempera- 

' V. the author's paper in Proc. Inst. Civ. Eng., vol. cxii., pp. 154-159. 
t Melalluryy of Silver and Gold, vol. i., p. 53. 

J A useful work, published under this title by Lang (New York, 1896), 
may be consulted with advantage. 
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ture and separates with a fair degree of completeness from the 
" slag," or fused mixture of silicates. The sulphur may be 
replaced to some extent by As or Sb, even in rare cases by Se or 
Te, and the heavy metals under appropriate conditions may be 
replaced by Ba, and partly even by Oa, while a great number of 
mattes contain dissolved magnetic oxide of iron, FojO^, and not 
a i'ew metallic iron, copper, or lead, all of which separate out on 
cooling with greater or less perfection. Metallic silver and gold* 
may also, under suitable conditions, be dissolved by fused matte, 
and partially separate out on cooling, though probably this only 
happens in the absence of Se, Te, As, and Bi, all of which form 
definite fused compounds with the precious metals. 

The general consensus of metallurgical opinion goes to show 
that a pure iron matte, FeS, is an extremely poor medium 
for collecting gold and silver, especially the former, though 
an iron matte, containing comparatively small quantities 
only of Cu, Bi, Te, and As, may be very efficacious when 
the accompanying slags are of bi- or sesqui-silicate type, t 
With slags of mono-silicate type, and with those still more 
basic, it seeras impossible to successfully concentrate the pre- 
cious metals without a considerable proportion of copper or 
lead in the matte. Very rich copper mattes, however, seem 
to collect silver less perfectly than those of moderate rich- 
ness, say 10 to 30 per cent. Ou. Lead matte may be employed 
as a collector, instead of a purely iron or copper-iron matte, and 
probably with equal efficacy as regards separation from slag, (fee, 
except in the presence of zinc, which is quite as harmfid in the 
matting as in the lead smelting process. Lead matte, however, 
possesses the great disadvantage that, owing to the sublimation 
of PbS, the quantity of flue-dust produced is much increased, and 
that the volatilised PbS invariably carries with it a considerable 
proportion of silver. 

As regards apparatus, matte smelting is considered under the 
heads of matting in blast furnaces and in reverberatories re- 
spectively. As regards the reactions concerned in the process, 
however, blast furnace matting exhibits widely different pheno- 
mena, according to whether the necessary heat is generated by 
the combustion of coke or charcoal as in the lead blast furnace, 
or by the combustion of the sulphur and iron in raw ores. We 
have already seen that under very exceptional conditions sulphur 
in the lead blast furnace may be eliminated as SOj, instead of 
combining with lead and iron to form matte, by the simple 
expedient of largely increasing the volume of air per square foot 

* V. as regards silver, Egleston, S.M.Q., vol. xii., p. 201 ; and as regards 
gold, Pearoe, Trans. A.I.M.E., vol. xviii., p. 454, et seq. 

\v. Spilsbury, Trans. A.I.M.E., vol. xv., p. 767; also Austen, ibidem, 
vol. xvi., pp. 262, 268 ; and Pearce, loc. cit.; v. also Lang, op. cit., p. 22, for 
comments on these references. 
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of hearth area — that is, by supplying the furnace through a 
number of large tuyeres with more air than can be consumed by 
the coke. 

A great advantage which matce smelting possesses over 
smelting on a lead basis is the wider range of slag composition 
with which it is possible to obtain good results in the blast fur- 
nace as well as in the reverberatory. The tendency of lead to 
combine with silica and its great volatility confines the lead 
smelter within comparatively narrow limits of slag composition 
(v. Part L, Chap. VII.), for it is impossible to do good work with 
slags which are either too siliceous, too viscous, or which have 
too high a melting point. The matte smelter is free to make a 
sla^ of any convenient composition, so long as it can be made to 
separate completely from the matte ; and as the question of 
volatilisation hardly comes in, it is usually advantageous and 
economical to make somewhat siliceous slags melting at a com- 
paratively high temperature, their increased viscidity in a fluid 
state being more than compensated for by their lessened specific 
gravity, which enables the matte to separate out. In the ancient 
forms of furnace, and with slow smelting, such siliceous slags 
were accompanied by many disadvantages, " scafiblding," reduc- 
tion of iron " bears " and " sows," local burning out of furnace 
linings, <fec. In large modern water-jacketed furnaces and with 
fast driving such difficulties practically disappear, and quite 
siliceous slags (especially in pyritic smelting) are no more diffi- 
cult CO manipulate than those of more basic character, as will be 
seen hereafter. 

Reactions in the Matting Processes. — In the case of matte 
smelting in blast furnaces with carbonaceous fuel, or what may 
be termed the German system, almost all substances present 
in the ore behave precisely as in ordinary blast furnace lead 
smelting described in Part I., Chapter VII. In reverberatory 
matte smelting and in pyritic smelting, however, some of them 
behave differently. The principal differences are brought out 
by Table XVII., borrowed, in the main, from that given by 
Lang.* 

* Matte Smelting, New York, 1896, pp. 85-89. 
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TABLE XVII. — Comparison of Various Systems of Smelting. 



Lead, . . . 
Iron as FejOs, 



Barytes, . . 



Arsenic, . 



Sulphur, . . 

a9 
Sulphides, 
Pyrites, 
Chalcopyrite, 
Pyrrhotite. 



Sulphur, . 

as 
Sulphates. 



Lead Smelting and 
German System. 



Almost completely 
recovered as metal 
and in matte. 

Reduced toJFeO and 
partly slagged. 
Partly reduced by 
carbon to metallic 
Fe, which either 
enters matte or 
forms "speiss" or 
"sows." 

Partly decomposed, 
forming silicate; 
partly reduced to 
BaS, which enters 
slag (and some- 
times matte also). 
A part enters the 
slag unchanged. 

Reduced chiefly to 
speiss, but part also 
enters matte and 
bullion. 



Sulphides may in 
part react direct 
upon metallic ox- 
ides, forming SO2, 
but chiefly melt un- 
altered, and pyrites 
even absorbs Pb 
and Cu to form 
matte. 



From CaSOi (also in 
part from PbS04, 
ZnS04, and other 
sulphates) SO3 is 
expelled and vola- 
tilised as SOj. The 
remainder being 
usually the larger 
part is reduced to 
sulphides of the 
heavy metals, 
forming matte. 



Reverberatory Matting. 



Part enters matte. 
Larger part slag- 
ged. 

Reduced by sulphur 
to FeO, and then 
slagged. No reduc- 
tion to metallic 
iron, or by carbon 
to FeO. 



Almost all is decom- 
posed and slagged 
as silicate with 
volatilisation of 
SO3. 



Partly volatilised ; 
remainder forms 
speiss and matte. 



Part of sulphur vola- 
tilised from pyrites 
direct. That in 
other sulphides re- 
acts in part upon 
metallic oxides, 
with evolution of 
SO2, while the oxi- 
dised iron is slag- 
ged. The remain- 
der of the sulphides 
simply melt down 
to matte. 



Almost entirely ex- 
pelled as SO3 and 
SO2, either by the 
action of heat alone 
or by reaction with 
SiOj, forming sili- 
cates of the metals. 
No reduction to 
matte. 



Fyritic Smelting. 



Partly slagged, but 
chiefly volatilised. 

As in reverberatory 
matting. 



With basic slags is 
chiefly driven into 
slag unaltered. 
With acid slags 
mostly decomposed 
and slagged as sili- 
cate. 

Almost completely 
volatilised as 
AS2S3, part, how- 
ever, being oxi- 
dised to Asj Os, 
with evolution of 
heat. 

With hot blast one 
atom of sulphur in 
pyrites is volatil- 
ised as such. With 
cold blast the S of 
pyrites, together 
with that of the 
other sulphides 
under all condi- 
tions, is burnt to 
SO2. A portion of 
the sulphur may 
even be burnt to 
SOj. A variable 
proportion of the 
sulphides remain 
un burnt as matte. 

Entirely volatilised 
as SO3, which, how- 
ever, is partly dis- 
sociated into SOa 
and 0. 
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CHAPTER XIV. 

MATTE SMELTING IN BLAST FURNACES. 

Reference has just been made to the fact that the reactions 
which take place in the matting process on the ordinary or 
German system do not materially difier in kind from those 
taking place in the ordinary lead blast furnace with reducing 
atmosphere. The system of concentrating poor sulphide ores of 
silver b}' partial roasting and smelting to matte is of great 
antiquity, and the chief point of difference between ancient and 
modern practice (besides the enormous difference in furnace 
capacity) is the fact that in the former, still extant in remote 
districts of Germany, Austria-Hungary, and Russia, it was con- 
sidered necessary to have a matte-fall of from 30 to 50 per cent, 
of the weight of ore smelted, whereas in modern practice an 
average of from 5 to, at most, 8 per cent, is found amply suiEcient. 

The principles of matte smelting, as well as the reactions 
and manipulations, bear a general resemblance to those of 
lead smelting ; the student may, therefore, refer to Part I., 
Chapters VII. to IX. before taking up the consideration of this 
and following chapter. Owing partly to lack of space, and 
partly in order to avoid repetitions, attention will be only 
devoted to those points in which matte smelting differs from the 
methods of smelting already described. 

The Furnaces. — Almost any kind of furnace can be made to 
serve for the ordinary matting process, from the simple square 
brick or stone built stack of 2 feet square, blown by one tuyere 
at the back, up to the modern water-jacketed furnace of 3 feet 
wide by 8 to 12 feet long at the tuyeres. Generally speaking, 
the latter should be employed, and it is not considered necessary 
to describe them here because they in no wise differ from the 
furnaces employed in smelting copper ores, and are, therefore, 
better discussed in connection with the metallurgy of copper.* 

Furnace Construction. — The only important respect in which 
these furnaces differ from those employed in lead smelting is in 
the construction and arrangement of the part below the tuyeres. 
Lead furnaces are almost always run with a crucible and auto- 
matic syphon tap for the lead ; those smelting to matte may be 
either sump or channel furnaces. In the former case the crucible 
of the lead furnace is partly filled up, the slag runs continuously 
from the usual spout into a "settler" overflow pot or some kind 
of forehearth, in order to separate any shots of matte, while the 
bulk of the matte settles out quietly in the shallow interior 

* V. Peters, Modem Copper Smelting, 1895, pp. 250, et seq. 

17 
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crucible, from which it is tapped at intervals into pots. In the 
latter system the furnace is provided with an air-cooled drop 
bottom, and the whole of the melted furnace products pass from 
the furnace into an exterior " forehearth," in which the separa- 
tion of matte from slag is effected. The construction of these 
forehearths varies from that of a simple cast-iron or wrought-iron 
box on wheels to an elaborate fixed reverberatory with or without 
separate fireplace.* 

Foreliearths. — One very useful form of forehearth, composed 
of cast-iron plates, is shown in Figs. 66 and 67,t from which its 
construction will be evident. The front plate is provided with 
a straight matte spout near the bottom, and a skew slag spout at 
the top. Before use, if the matte is small in quantity and the 




irfiz 



4/-.' 



Fig. 66.— Forehearth. 

slag somewhat siliceous as usually happens, the plates are lined 
with a mixture of clay and chopped straw ; a firebrick lining, 4J 
inches thick, may be employed when the slag is ferruginous and 
a large quantity of low grade matte is to be produced. A good 
wood fire is then made in the forehearth so as to heat it up as 
thoroughly as possible. Before tapping, the slag in the furnace 
is allowed to rise up to the tuyeres, and the slag spout of the 
forehearth stopped with clay so as to permit of its being filled 
up to the brim. The furnace is then tapped and the forehearth 
gradually fills, some thin faggot wood or charcoal being thrown 
upon the surface of the bath and an iron rod kept at work to 

* The variety of shape and construction in forehearths is very consider- 
able. Some of the leading forms are described and figured in Peters, 
</p. cit, 

t From Braden, Trans. A.I.M.E., vol. xxv., p. 49. 
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prevent the formatiou of a crust. When the forehearth is 
brimming over the furnace is plugged, and a crust is allowed to 
form on the top ; after a minute or two it will be sufficiently- 
strong not to collapse when the molten slag beneath is tapped 
out to the level of the slag spout, and should then be covered 
with several inches of coke breeze to prevent further loss of heat 
by radiation. 

This same form of forehearth may be employed when it is 
desired to run the slag from the furnaces continuously, trapping 
the blast, by providing an opening at the lower part of the back 
plate corresponding with a water-jacketed taphole on the furnace 
and bringing the two into close contact. This is now done at 
the matting furnaces of the Arkansas Valley Smelting Works 
{Leadville). 




^ 
^ 




Fig. 67. — Forehearth. (Front plate with spouts attached.) 

Sump Furnaces. — Even when a sump is retained for the matte 
a deep bottom is frequently used, as by its use the hot matte is 
prevented from cutting "into the furnace bottom and enlarging 
the crucible, while should sows containing iron or other accretions 
be unfortunately formed (an event of very rare occurrence with 
large fast running furnaces) their removal is much facilitated. 

Sump furnaces are best suited to the treatment of well-roasted 
mixtures, producing a matte-fall not over 10 or 15 per cent. ; 
where the matte-fall is greater than this amount a channel 
furnace discharging the whole of its fused product into a suitable 
forehearth is more appropriate, since a large quantity of matte 
tends to cut out the bottom too much. 

Fig. 68 represents in section a large modern sump furnace 
which, although originally designed for producing pig copper 
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Fig. 68. — Sump Furnace. 
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from rich oxidised ores, is well suited to matte smelting of the 
ordinary kind where the matte-fall is not over 10 per cent, in 
amount or of a high percentage in copper. In this figure A A 
are the water-jackets ; B is the furnace shaft, built of red brick 
strongly bound together and lined with firebrick ; is the 
sheet-iron hood which fits down upon the top of the furnace, 
containing in its lower part the charging doors, D, at each end, 
and in its upper part the downtake (not shown) for the furnace 
gases ; E B are the pillars supporting the whole upper part of 
the stack; FF the short pillars supporting the heavy base- 
plate, upon which rests the crucible made of rolled wrought- 
iron girders, and these in turn support the water-jackets. The 
central portion of the base-plate is cut out, and the openings are 
closed by one or more pairs of drop doors, shown at G ; hh are 
the tuyeres (in this case of the Devereux pattern), i is the slag 
spout, and J the matte spout, k being an emergency spout intended 
for use when the furnace is producing some copper-lead speiss or 
other product heavier than the matte ; this spout may also be 
used for matte when the amount is only 5 per cent, or less. 

The operations of blowing-in and blowing-out such a furnace 
and its manipulation differ but little from those necessary with 
lead furnaces. Generally speaking, matte furnaces are some- 
what easier to handle on account of the absence of trouble 
connected with the crucible and lead- well. The regular work 
of such a furnace is almost precisely like that carried on in 
a furnace of similar character turning out matte from ordinary 
roasted copper ores, and any modern work on the metallurgy of 
copper may be consulted* for details. 

Slag Composition. — The latitude allowed the metallurgist with 
regard to slag composition has been already referred to. The 
maximum variations in composition of slags actually made up 
to the present are about as follows : — 





SiOj. 


FeO. 


AljOa. 


CaO. 


MgO. 


ZnO. 


BaO. 


Minimum, . . 
Maximum, . . 


20 
57 


2 
70 


2 
18 


2 
40 



8 



20 




42 



These limits are obviously very much wider than the corre- 
sponding limits for successful lead smelting, because in matte 
smelting the non-volatility of the product renders it possible to 
employ difficultly fusible combinations so long as they are suffi- 
ciently thin in a fluid condition to admit of easy separation 
from slag. 

* Especially Peters, Modem Copper Smelting, 7th and subsequent 
editions. 
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Although, however, such great variations iu slag composition 
are admissible under exceptional conditions, the student should 
never lose sight of the fact that under all ordinary conditions 
the best slags to make, because the most fusible, are the mono- 
silicates of iron and lime. The most fusible of all is the silicate 
2reO,Si02, but its great disadvantage is its high specific gravity, 
which causes it to separate with difiiculty from the matte. 
A mixture of the monosilicates of iron and lime is, therefore,, 
generally preferable when local conditions render it at all econo- 
mical. Frequently, however, the ores are very basic with 
excess of iron, in which case it often pays better to make a 
monosilicate iron slag, even if somewhat foul from imperfect 
separation of matte, rather than bring in and smelt costly lime- 
stone as well as additional silica in order to produce a cleaner 
slag. Sometimes, on the other hand, the ores are siliceous and 
comparatively free from iron. In such cases even a bisilicate 
of lime slag may be the best possible, both economically and 
metallurgically, in spite of the higher consumption of fuel it 
entails. 

Use of Hot Blast. — Another point to which sufficient atten- 
tion has not hitherto been directed is the use of hot blast in con- 
nection with all slags of high melting point. The advantages of 
hot blast are frequently considered to be — (1) Greater total 
generation of heat inside the furnace, and therefore greater 
capacity ; (2) greater concentration of the heat in front of the 
tuyeres ; (3) less trouble from agglomeration of the charge 
higher up ; and (4) more complete burning of coke to CO, and 
more perfect reducing action. Besides the above, another very 
great advantage is found in the fact that the cooling efiiect of the 
blast upon the pool of molten slag below the tuyeres is much 
less the higher its temperature. This cooling effect is unim- 
portant with monosilicate iron slags, the melting point of which 
is much lower than the temperature actually attained before the 
tuyeres ; but it assumes much greater importance with bisilicate, 
lime and alumina slags, the melting points of which are so much 
higher. Hence, with cold blast such slags are much more likely 
than the monosilicate slags to show signs of chilling and to give 
rise to furnace irregularities. 

Wherever in matte smelting it becomes necessary to make 
slags of very acid type the use of a moderately hot blast should, 
therefore, be seriously considered, especially as with large modern 
furnaces with a high " hearth efficiency " the danger of forming 
" sows" is at a minimum, and almost entirely vanishes when an 
outside forehearth is employed. 

Calculation of Charge — The calculation of a charge for a matting 
furnace is conducted on the same lines as that for a lead furnace 
(see Part I., Chap. IX.), but it is a much less elaborate opera- 
tion, and, owing to the wider variations of slag composition 
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admissible, need not be carried out with anything like the same 
exactitude. Practically speaking, as a rule only sulphur, iron 
(copper and lead), silica, and the earthy bases (together) have to 
be taken into account, as under ordinary circumstances the 
small amounts of Pb, Cu, As, Sb, Bi, and other elements present 
will be amply sufficient to effect a good extraction of the precious 
metals in the matte, whatever the degree of concentration em- 
ployed — and this holds true even when as many as 30 or 40 
tons are run into one ton of product, provided the slag is suffi- 
ciently fusible. A good example of matting charge calculation 
is given by Peters.* 

Fuel and Fluxes. — The flvaxs employed will, as in lead smelt- 
ing, vary according to the nature of the ore, although, owing to 
the wider limits of composition admissible, they play a much less 
prominent part in the problem. Either silica, iron ore, or lime- 
stone may be the ilux indicated by the nature of the ores or by 
the local conditions prevailing. The two former can frequently be 
obtained carrying a greater or less proportion of valuable metal, 
either gold or silver. The employment of barren limestone is 
not nearly so often necessary in matting operations as in lead 
smelting, and should be avoided whenever a slag can be con- 
veniently made containing up to, say, 45 per cent. SiOj. Beyond 
this limit it will usually be advisable to add limestone, unless it 
be very expensive, and other basic material is not available; in 
which case even 50 per cent, of silica in the slag may be allowed 
with advantage in spite of the somewhat higher losses and more 
irregular, as well as slower, running. 

As in lead smelting, coke is the fuel easiest to manage and 
most generally available. Under appropriate circumstances, 
however, charcoal may instead be exclusively employed, or coal 
maybe substituted for part of the coke, as in lead smelting.f 
To Lang J is due the substitution of wood for part of the coke 
charge of a matting furnace. At Mineral (Idaho) this metallurgist 
replaced half of a 100-lb. coke charge with 135 lbs. of dry firwood 
sawn into blocks a foot long. The wood used weighed 2340 lbs. 
per cord, and its efficiency compared with coke for equal weights 
was as 1 : 2J. The advantages of wood are that it helps to keep 
the charge open, and is, therefore, useful with fine charges and 
when an oxidising effect is desired. Its disadvantages are a large 
increase in the amount of flue-dust produced, and a decrease in 
smelting capacity. Lang thinks that some sulphur is volatilised 
in combination with carbon and hydrogen from the wood ; it is 
certain, at all events, that the volatile constituents of the wood 
play an important part, for the charcoal formed by its carbonis- 
ation would be clearly insufficient to replace so large a proportion 
of coke. 

* Modern Copper Smdtmg, 7th edition, 1895, pp. 242, et seq. 
+ V. Part i., chap. vii. X Pyritic Smelting, 1896, p. 47. 
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Blast Pressure The pressure of blast and rapidity of smelting, 

■which, in the case of lead smelting, may vary only within com- 
paratively narrow limits, are, in matte smelting, as variable as 
the construction of the furnace and the composition of the slags. 
Some data are given in Table XIX. to exemplify practice at 
different localities. 

When the quantity of low-pressure blast forced into a furnace 
is greater than that required to burn all the coke to COj a dis- 
tinct oxidising effect is produced, and S is burned off as SOj 
instead of passing into the matte. In such cases, which are by far 
the commoner nowadays, we may say that there is some " pyritic 
effect," and the heat generated by the burning sulphur is usually 
sufficient to enable the proportion of coke to be reduced. 

Similarly, when under such circumstances a mixture of roasted 
and unroasted copper sulphide ores is charged into the furnace, 
reaction may take place between the CuO and Cu^S exactly as 
we have seen that it may take place in lead smelting between 
PbO and PbS under appropriate conditions. These cases, how- 
ever, properly come under the head of copper smelting, and are 
not within the domain of silver matting. 

Furnace Gases. — As might be expected, furnace gases from 
the pyritic process are very different in composition from those 
from the ordinary matting process conducted in a reducing atmo- 
sphere ; in fact, analysis of the furnace gases is a very useful 
(though too often neglected) indication of the reactions proceed- 
ing inside the furnace. 

TABLE XVIII. — Comparison of Furnace Gases. 



Locality. 


Matting, 
Mansfeld. 


Pyritic Matting, 
Keswick, California. 


Lead Smelting, 
Freiberg. 


Keference, 


1. 


2. 


3. 


CO2, . 
CO, . 

CH4,. 

H, . 
SOi,,. 
0, . 
N (by diff. 


, 




11-1 
20-6 

68-3 


15-5 
12-8 

71-7 


10-85 
3-27 

2-55 

9 01 

0-00 

74-52 


6-50 
0-00 

10-00 

4-02 

79-46 


6-25 
0-00 

19-30 

2-59 

71-95 


17-8 
5-2 
0-1 
1-6 

75 -3 


17-4 
4-3 
1-8 
0-5 

76-0 








100-0 


100-0 


100-00 


99-98 


100-09 


100-0 


100-0 



RefirencRS.—\. Egleston, 5. ilf . (?. , vol. xii.,p. 103. 2. 'L&ng,]S.andM.J., 
Aug. 1, 1896. 3. Kerl, quoted by Hofmann, Metallurgy of Lead, p. 207. 

The foregoing table gives analyses of the furnace gases at 
Mansfeld (reducing or ordinary matting) and of those at Keswick 



MATTE SMELTING IN BLAST FURNACES. 265 

California (pyritic smelting), a mean of the analyses by Schertel 
of gases from Freiberg lead smelting furnaces being added for 
comparison. 

Examples of Matte Smelting.— Table XIX. gives comparative 
data from several matte-smelting plants in various parts of the 
world, and the practice at these same works may conveniently 
be described in somewhat greater detail. 

At Zalathna (Transylvania) * pyritic concentrates carrying 
gold (partly in the metallic condition and partly as telluride) 
and silver (partly as telluiide but chiefly as sulphide) are smelted 
after roasting together with small quantities of rich hand- 
picked telluride ores. The roasting furnace is a small Mal^tra 
shelf furnace with five or six superposed hearths, each holding 
1 cwt. of concentrates ; no fuel whatever is used, except occa- 
sionally to ignite a charge. In twenty-four hours each furnace 
roasts 16 cwts. of ore from 36 per cent, down to about 6 per 
cent. S. The roast-gases are all saved, and while the larger 
part is made direct into sulphuric acid another portion is con- 
ducted into chambers, where it reacts upon HjS produced by 
dissolving the matte in H2S0^ and so precipitates free sulphur. 
The composition of the roasted ore is SiO„ 19-90, Fe 56"45, 
Mn 1-73, Cu and Zn traces, CaO 0-024, Al'Og 2-25, Ag 0-012 
(3 ozs. 16 dwts. per ton), and Au 0-0044 (1 oz. 8 dwts. per 
ton). 

The roasted concentrates are bricked with milk of lime and 
smelted in four small blast furnaces of sandstone, lined with fire- 
brick, the dimensions being 40 inches square inside and 15 feet 
from tuyeres to feed-fioor. The furnaces are blown with three 
tuyeres at an average pressure of 3^ ozs. only, and are run as 
sump furnaces, slag running continuously, while matte is tapped 
every two or three hours. The charge is composed of about 50 
per ceut. of roasted concentrates, 17 per cent, of rich unroasted 
quartzose ores, with sometimes some sand to supply silici, and 
33 per cent, of slag from the matte concentration furnace. Of 
the above charge, 10 or 11 tons per twenty-four hours are 
smelted in each furnace with a fuel consumption of 15 per cent, 
of charcoal. Each 100 tons of ore yields a sesquisilicate slag and 
about 33 tons of fir.st iron matte, analyses of which appear in 
Tables XXI. and XXII. respectively. 

The iron matte contains on an average about 1 5 per cent, of 
free metallic iron in shots of various sizes. This is, no doubt, 
due to the exceedingly powerful reducing action which goes on 
inside the furnace, and if the diameter of the tuyeres were 
enlarged, more wind supplied, and the height of the column of 
charge lowered, the furnace would give a lower matte fall and a 
more fusible slag, which, in turn, would lead to increased 
capacity. 

* Private notes of a visit in 1888. 
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Some fuller details are given in Table XIX. ; the method of 
working up the matte is peculiar, and is described in Chapter 
XVII. 

Gawrilow (Altai).* — At these works barytic ores averaging 
about 9 ozs. Ag, with but little silica and only very small quan- 
tities of metallic sulphides, are smelted together with about 25 
per cent, of foul slag and 10 per cent, of desilverised ore matte 
in small blast furnaces with three tuyeres to an extraordinary 
matte, composed chiefly of barium sulphide and containing from 
46 to 55 ozs. silver per ton. .The slags are very siliceous, the 
composition corresponding almost with a trisilicate ; they are 
exceedingly sticky, and the separation of matte is very incom- 
plete, which, howevei-, is of little importance seeing that the 
matte is comparatively poor, it is also unavoidable since the 
necessary fluxes for thinning the slag are not available. Analyses 
of slag and matte are given in Tables XXI. and XXII. respec- 
tively. The latter is treated by melting with lead as described 
in Chapter XVII. 

Mans/eld {Rhenish Prussia).^ — The works at Mansfeld which 
treat a cupriferous and bituminous schist with 3 -25 per cent, 
copper and nearly 6 ozs. silver to the ton are usually described 
in connection with the metallurgy of copper, but they furnish a 
good illustration of the matting process. 

The schists are burnt in heaps to expel bitumen and combined 
water, but no sulphur seems to be eliminated in the burning. 
The height of the furnaces is about 25 feet above tuyere level, 
and they are built with closed throats after the pattern of iron 
blast furnaces, copper water tuyeres and cup-and-cone charging 
arrangements being employed, and a high-pressure blast furnished 
by blowing engines. 

A very important feature of Mansfeld furnaces, which contri- 
butes largely to their great capacity in proportion to their size 
(the '■^hearth-efficiency" being 6-93 = tons per square foot of 
sectional area per ttventy-four hours), is the use of hot blast. 
The heating apparatus is by no means the most perfect possible, 
being merely the old-fashioned pistol-pipe stoves formerly used 
in ironworks, which are heated by the combustible gases from 
the furnaces. The temperature of the blast varies according 
to the amount of gas available from 125° C. up to as high 
as 300° C. The whole of the furnace gases are, of course, 
collected, as they contain over 16 per cent, of CO, but only a 
portion is available for the hot blast stoves, the remainder being 
burnt under the boilers. 

Some of the furnaces are worked as channel furnaces with 

* .Jossa and KurnakofiF, B. u. H. Zeitung, 1886, Nos. 16-19 ; also quoted 
by Schnabel, Handhuch der MetaUhillfenkunde, vol. i., p. 491. 

+ This description is mainly abstracted from Eglestou's paper, S.M.Q., 
vol. xii. , pp. 85, et seq. 
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exterior forehearth, but, as the slags are very siliceous, and the 
matte small in amount, the larger furnaces run chiefly on the 
"sump" principle, which gives a better separation, at the cost, 
however, of forming "sows," owing to the ])Owerful reducing 
action inside these high furnaces.* The operation is a simple 
melting down of the ore and separation of the heavy sulphide 
particles as matte by gravitation. 

The average composition of slags and mattes produced during 
1888 is given in Tables XXI. and XXII., but, exceptionally, slags 
have been made which carried as much as 57 per cent, silica and 
approximated to the composition 

2(Al203 . SSiOa) + 3(reO . SiO^) + 6(2CaO . SSiOj), 

or to that of a combination of silicate of iron, trisilicate of 
alumina, and sesquisilicate of lime. 

The slag from the furnaces is received in very large cast-iron 
waggons, from which it is subsequently tapped in carefully 
levelled sand in large casting beds with sheet-iron partitions, and 
so moulded into paving and building blocks of any required size. 
About one-half the total slag is actually utilised as blocks, tlie 
remainder going to the slag-dumps and being subsequently used 
for roadmaking. These slags contain only 0-3 per cent, copper and 
are probably the poorest slags made as a regular thing in ore 
smelting anywhere. Most of the lead in the ore is volatilised, 
but a part is saved in the flue-dust, which contains 10 per cent. 
Pb and 2 per cent. Cu, and is smelted for lead in small furnaces 
with cold blast. 

The subsequent treatment of the matte is by kiln roasting, 
which brings down the sulphur contents to 10 per cent., this is 
followed by smelting in re verberatory furnaces of theSwansea form 
to an argentiferous white metal suitable for the Ziervogel process. 

Deadwood (S. Dakota).^ — At the works of the Deadwood and 
Delaware Smelting Co. siliceous gold ores, averaging 78 per cent. 
SiOj, 12 per cent. FeO, and a little AljOj, CaU, and MgO, 
together with an average of 1 oz. Au and 2 ozs. Ag per ton, are 
smelted, together with a small percentage of pyrites containing 
30 per cent, silica and a somewhat larger proportion of copper 
ore, to a gold-bearing matte containing about 10 per cent. Ou, 
10 ozs. Au, and 20 ozs. Ag per ton. The only flux employed 
is a dolomitic limestone, the quantity of which used is about 
equal to that of the mixed ores, and the degree of concentration 
is about 20 tons of charge into 1 of matte. The slag produced 

* The perfection of the reduction is exemplified by the fact that on 
tapping the hearth empty, which is done once a week in order to clear out 
incipient " sows," liquid sulphur is sometimes found to separate out between 
the matte and the slag in the tap pit. 

t For details of this extremely interesting practice the author is indebted 
to Dr. Franklin R. Carpenter, who originated the works and still manages 
them. 
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is exceedingly siliceous (52 per cent. SiOj) and the matte fall, as 
already seen, quite small, yet this peculiarly composed charge, 
which would ordinarily be considered refractory, is smelted with 
a coke consumption of only 15 per cent, by weight of an inferior 
coke containing 25 per cent. ash. 

The furnaces employed are 132 inches by 36 inches at tuyeres 
and 16 feet high to feed-floor. The daily capacity of such a 
furnace is about 215 tons of charge. 

The matte is worked up by raw smelting with lead ores, as in 
the ordinary lead smelting practice ; in doing so it is worthy of 
note that it takes up silver from the charge while giving up 
nearly all its gold to the lead bullion. The twice run and impo- 
verished matte is then roasted and smelted, first to concentrated 
matte and then to black copper, which is sold to the copper 
refiners. 

The gold obtained always exceeds the amount shown by assay, 
but the silver falls about 10 per cent, short, which is not sur- 
prising, the amount per ton of ore being so small. 

Semi-Pyritic Smelting. — At many matting works a portion of 
the sulphur contents of the charge is burnt off and some heat 
generated with the double object of enriching the matte and 
of saving fuel. The following is an example of this practice. 

Sunny Corner {N.S. Wales).* — The ore treated at these works 
is a complex low-grade mixture composed chiefly of massive 
pyrites with blende and quartzose gangue, having chalcopyrite 
and galena sprinkled through it in variable quantities, so as to 
bring up the average to about 1 per cent, copper and 5 or 6 per 
cent. lead. The smelting is conducted in old lead furnaces, the 
crucibles of which have been filled up and which are now run 
as sump furnaces, producing rich argentiferous matte for ship- 
ment. 

At the time of the author's last visit in 1896 there were 
three furnaces of tuyere measurement, 36 inches by 84 inches, 
with circular ends. His notes are as follows : — The jackets 
are of cast iron, their height being 4 feet 6 inches — viz., 10 inches 
from the bottom to centre of tuyeres and 3 feet 8 inches from 
centre of tuyeres to top of jackets, above which to the feed-floor 
it is 11 feet. The furnaces are fed from the top through a short 
Pfordtt curtain about 6 feet by 2 feet, and the gases are drawn 
off' into the usual dust-chamber connecting with a flue which 
runs up the side of the hill for 220 yards and terminates in a 
short brick stack. 

The flue is excavated in the rock and lined with bricks, its 
dimensions being 6 feet wide at bottom and 7 feet high to the 
spring of the semi-circular arch ; the draught is very great and 
most of the flue-dust escapes condensation. Each furnace in 
blast requires a blower (No. 6 Root or No. 5^ Baker) running 
* Private notes, 1896. 
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at about 135 revolutions, but all the blowers deliver into one 
blast reservoir and main. 

The ten or twelve tuyeres in each furnace are 2f inches inter- 
nal diameter, and are supplied with wind at only 9 ozs. pressure. 
With the object of burning off as much sulphur as possible from 
half-calcined ore, while at the same time volatilising zinc, the 
furnaces are run with a "hot-top," and the column of charge is 
only just above the top of the jackets. In this way the excess 
of sulphur, nearly all the lead, and a large proportion of the 
zinc are burnt off, but a great deal of heat is lost and, instead of 
effecting any substantial saving in fuel, the consumption is 
practically the same as if the smelting were conducted in the 
ordinary way, running with a cold-top and thoroughly roasted ore. 

The average charge of each furnace is as follows : — Roasted 
sulphide ore, 8 J cwts. ; raw ditto, 3 cwts.; siliceous gold-carrying 
gozzan, 1 cwt. ; old slags, 2^ to 5 cwts. ; limestone, none to J 
cwt. ; returned iirst matte, none to 2 cwts. The fuel charge is 
224 lbs. of coke from WoUongong, which contains 13 jjer cent, 
of ash, and costs about 42s. per ton delivered at the works in 
sacks. 

Each furnace puts through, on an average, forty to forty-four 
of the above charges in the twenty-four hours, the heavier charge 
being equivalent to a total of 61,600 lbs. ore together with about 
24,640 lbs. slags (at 5 cwts. per charge). The matte produced is 
tapped from the sump at intervals into ordinary slag pots, the 
cones from which, when cold, are broken up and simply returned 
to the furnace for re-smelting without any roasting, and in this 
way the twice run matte obtained is never so much as twice as 
rich as the first matte. 

The slag, covered by a firebrick channel to retain the heat, 
runs continuously from the ordinary slag spout into a rectan- 
gular wrought-iron box on slag-pot wheels. This is furnished 
with a slag spout at the end opposite the furnace, and a matte 
spout low down on one side, and is lined with firebrick laid in 
clay 4| inches thick. It has a hole in one end which is jammed 
up against the furnace so that the slag-spout channel of the 
latter enters flush with the lining of the "settler." In this 
way a great deal of the matte carried away in suspension 
by the thick sticky slag has an opportunity of settling out,, 
and is tapped at intervals from the side. These settlers last on 
an average forty-eight hours before becoming chilled, and have 
been known to last a week if the slags are specially fusible. 

No complete analyses of the ores have been made, but they 
will average roughly 6 per cent, lead, 1 per cent, copper, 10 ozs. 
silver, and H to 2 dwts. gold per ton. The total value of the 
finished matte produced in copper, f.ilver, and gold is equivalent 
to about 28s. 6d. on the ton of ore treated. Its average com- 
position is as follows : — 
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First or 
Once Run. 


Second or 
Twice Eun. 


Copper, . . per cent. , 
Silver, . ozs. per ton, 
Gold, . „ „ 


16 to 20 

160 to 170 

1 to U 


28 to 34 

270 to 300 

24 to 4 



Analysis of a sample of slag produced in 1896* is given in 
Table XXI. The flue-dust produced, or rather collected, is small 
in quantity though richer in silver than the average ore charge, 
•containing from 12 to 14 ozs. per ton. It is simply melted down 
and thrown back into the furnace. 

Smelting at Sunny Corner is done very cheaply considering 
the high price of coke. Coal for boiler fuel costs 16s. per ton ; 
inferior wood, lis. per cord ; and limestone for flux, lis. 6d. per 
ton. The furnaces are worked on eight-hour shifts, the cost of 
labour per furnace during each shift being as follows : — One 
feeder (8s.) and part time (two-thirds) of a charge wheeler (7s.), 
both of whom are employed at the furnace top, while below are 
required one tapper (8s.), one pot runner (6s. 6d.), and the re- 
maining (one-third) time of the labourer who wheels coke, &c., 
on the feed-floor. In addition to these costs for actual furnace 
attendance must be included the part cost per furnace of three 
labourers employed in sorting, <fec., on the slag dump. 

The total cost for labour in smelting is thus about 4s. per 
ton, for coke 6s. 8d per ton, for boiler fuel and sundries not 
over 2s. per ton — total, say, 12s. 6d. The roasting cost is only 
Is. 9d. per ton.f 

The Sunny Corner practice, described in Table XIX., is, in its 
■main outlines, fairly well adapted to the ore, which, it should be 
'Understood, is the chea))est material available, and hence no 
great complication of methods is possible. There is, however, 
room for improvement, economically as well as metallurgically, 
in the following directions : — 

(1) Reduction in the amount of coke used and increase of 
height in the column of charge, coupled with an increase in the 

• diameter of the tuyeres so as to get a larger volume of air into 
the furnace, while reducing its pressure. 

(2) Employment of much larger furnaces without boshes. 

(3) Greater saving of flue-dust by cooling the furnace gases and 
-checking the velocity of the current. Treating the accumulated 

flue-dust separately to recover lead and silver. 

(4) Better facilities for settling and separating slag and matte. 

(5) Running a lower-grade first matte and much increasing 
the degree of second concentration. 

* And for which the author is indebted to Mr. A. J. Bensusan, A.R.S.M. 
t V. chap. vi. , part i. 
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TABLE XIX. — Examples op Blast Furnace Matting. 





Zalathna, 
Transyl- 
vania. 


in 

III 


11 
If 




.id 

m 


Reference, . 


1. 


2. 


3. 


4. 


5. 


Dimensions of furnace at tuyeres, 


40" xW 


5' diam. 


36" X 132" 


.36"x90" 


44" X 144" 


Height tuyeres to feed-floor, 


15 ft. 


25 ft. 


16 ft. 


11 ft. 


12ft.6ins. 


No. and diameter of tuyeres, 


3 of 24" 


6 of 24" 




12 of 2f" 


16 of 35" 


Total area of tuyeres, . sq. in., 


1473 


29-46 




71-28 


176-64 


Sectional area at tuyeres, sq.ft., 


8-73 


19-63 


33 


22-5 


44 


*Tuyere ratio, .... 


about 1-34 


1-50 


., 


3-17 


4-01 


Tonnage put through 24 hours, . 
*Average hearth efficiency, . 


10 or 11 


136 


216 


36-38 


244-6 


1-0 


6-93 


6-50 


1-61 


5-55 


•Average tuyere efficiency, . 


0-75 


4-62 




0-508 


1-39 


Average blast pressure, . ozs. , 


34 


32 




9 




Temperature of blast, . 
Height of column of charge. 


cold 




cold ■ 


cold 


cold 


12 ft. 


26 ft. 




5 ft. 


8 ft. 6 ins. 


Rate of concentration tons into 1, 


3 


12-7 


26 


20 


14-25 


Composition of charge ; — 












Raw sulphide ores, . . lbs., 








224 




Roasted ,, ,, . . ,, 


li'i 






952 




Quartzose gold ores, . . ,, 
Gozzan and oxide ores, . ,, 


36 
















li2 




Limestone, 








224t 




Slag 

Total net lbs., 


73 






338 




220 


2004 




1850 


4000 


Nature of fuel employed, . 


charcoal 


coke 


coke 


coke 


coke 


Percentage of fuel required. 


30 


18-5 


15 


12-1 


144 to 16 


Composition or ore charge : — 












Cu, ... per cent. , 










4 


S, . . . . ,, 




... 






3-2 


Composition of matte : — 






' 






Cu, .... per cent. , 


0-74 








49 


Ag, . . . ozs. per ton, 


12ozs.5dvrt. 










Au, ...„,, 


4oE8.16dwt. 










Composition of slag : — 
SiOj, 












42 


48 




35 


43 


FeO and MnO 


50 


5 




29 


21 


AI2O3 


3-5 


16 




18 


18 


CaO, 


3 


24 




6 


15 


Cu 


trace 


0-24 




0-41 


0-345 


Ag, . . . ozs. per ton. 


trace 






3oz.l4dwl;. 


1-15 0Z. 



References. — 1. Private notes, 1888. 2. Egleston, S.M.Q., vol. xii., No. 2, p. 111. 
3. Private communication, F. R. Carpenter, Oct. 28, 1896. 4. Prirate notes, 1896. 
5. E. and M. J., Dec. 11, 1897. 

* Explanation of these terms is given in part i. , chap. vii. 
+ Matte in this case — not limestone. 
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Speiss Smelting. — Besides mattes (sulphides), speisses (arsenides 
and antimonides) may be employed as vehicles for concentrating 
the precious metal contents of an ore into a valuable product 
which will bear transport and refining charges. 

The use of speiss, however, must evidently be confined to such 
exceptional ores as are comparatively poor in sulphur, and either 
contain a fair proportion of arsenic or can be mixed with a suffi- 
cient quantity of arsenical ores, for, in the presence of much 
sulphur over the proportion required to form AsgSg, almost all 
the arsenic would be volatilised. 

Lang* considers speisses as being only genera of the great 
family of mattes, and logically this classification is quite accurate. 
The term " speiss," however, has such a very definite meaning 
and has been in general use among metallurgists for so many 
generations that it is not likely to be abandoned in favour of 
Lang's term "arsenide or antimonide matte." It should be 
remembered that we may have antimonide as well as arsenide 
speisses, only in the former case the electro-positive constituents 
are primarily Cu and Pb instead of Fe, Ni, and Co, which are 
the most characteristic heavy metals in the latter. 

The speisses are so similar to the mattes in their melting 
points, in their behaviour when fluid and in other respects, that 
the methods and appliances used for matte smelting with sul- 
phide ores can be used for speiss smelting with arsenical ores 
almost without alteration. Sump furnaces are more appropriate 
than those with continuous discharge, and, owing to the specific 
gravity of speisses being so much higher than that of mattes,. 
(7 -5 to 8-0 as against 5 to 6), comparatively little difficulty is 
experienced in getting a clean separation of slag. The great 
affinity, moreover, of both arsenic and antimony for silver 
ensures a fairly perfect concentration and the production of 
fairly clean slags. 

Arsenical jS^petss.— Although this material is so often formed 
incidentally in lead smelting, few particulars are obtainable as 
to its use as the principal or exclusive vehicle for collecting the 
precious metals. 

Some years ago in Mexico the author had occasion to smelt 
on a small scale some low-grade gozzan ferruginous silver ores 
containing small quantities of arseniate of lead and carbonate of 
lead and copper, and averaging 12 ozs. silver per ton. The 
furnace products were first an impure arsenical copper -lead 
alloy with 265 ozs. silver and nearly 2 ozs. gold per ton, and,, 
secondly, a copper-lead-arsenic speiss with 216 ozs. silver and 
H ozs. gold per ton. The former, which was brittle and had a. 
fibrous crystalline structure, was unfortunately not properly 
investigated, but the speiss which showed a brilliant laminated 
fracture, like that of spiegeleisen, was analysed more completely,. 
* Matte Smelting, New York, 1896, p. 12. 
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its composition being given in Table XX., side by side with 
that of the Transvaal reverberatory speiss described in the next 
chapter. 

The smelting was performed in a small circular water-jacket 
furnace, the fuel being very inferior coke with 20 per cent, ash, the 
consumption of which was 19 per cent, by weight of the charge. 
The degree of concentration was about 30 to 1, and the slags 
contained from 2 to 2J ozs. silver per ton. Owing to the very 
low grade of the ore only 8 3 "5 per cent, of its total contents 
became collected in the product, but had the ore been twice as 
rich in all probability the loss in slags would have been no 
greater, and the "percentage of extraction" would then have 
been something like 92 per cent, of the total contents of the 
ore. Even this extraction of 83 5 per cent., however, is much 
greater than could have been economically extracted by any 
other known process. 

TABLE XX. — Analyses op Rich Silver Speisses. 





Torreon, Mexico. 


Transvaal 
Speiss. 


Alloy. 


Speiss. 


SaT': : . : : 

Iron, 

Silver, 

Antimony 

Arsenic, .... 
Sulphur, .... 

Ag, . per ton of 2240 lbs. , 


56-7 
320 

o'si 

trace 


371 
26-2 
10-4 

0-66 
trace 
20-3 

31 


52-5 
0-25 
3-6 
■59 

38-0 
2 
2 06 




97-76 


100 00 


265 ozs. 
1 oz. 18 dwt. 


216 ozs. 
1 oz. 10 dwt. 





ReferencRs.- — 1 and 2. Author, prirate notes. 3. Bettel, Chemical News, 
June 26, 1891. 



The activity of speiss, however, as a vehicle for collecting and 
extracting silver is very much less than that of matte, though 
gold is more perfectly concentrated in the former. This is an 
undoubted drawback to its employment, since the silver lost in 
slags will probably always be higher with speiss than with matte, 
although the slag loss would be comparatively a small matter 
if the other conditions were suitable. The peculiar adap- 
tability of speiss smelting to arsenical gold ores is obvious, yet 
it does not seem to have found practical use hitherto. Seeing 

18 



274 



THE METALLURGY OF SILVER. 



that auriferous mispickel ores and concentrates are particularly 
difficult to dead -roast for chlorination, it would appear that 
smelting might be more generally adopted for sucli material 
in Australia, for instance, than it is at present. 

It should always be borne in mind that in remote regions 
with costly fuel and heavy transport charges it is usually the 
best policy to employ the cheapest and most direct process avail- 
able, even at the cost of sacrificing a portion of the valuable 
metals, rather than to aim at perfect extraction by processes the 
cost of which, under the conditions named, is more than the 
value of the extra amount of precious metals recovered. 



TABLE XXI. — Slag Analyses from Matte Smelting of 
Silver Ores. 



1 


Zalathn.i, 
Transyl- 
vania. 


S3 






til 


References, . 


1. 


2. 


s. 


4. 


i. 


SiO^ 


41-60 


45-50 


47-31 


53-72 


34-75 


FeO, . 






49-95 


7-39 


4-83 


16-94 


28-15 


MnO, . 






0-82 




0-65 


2-41 


1-12 


AUO3, . 






3-42 


3-65 


16-50 


4-67 


18-10 


CaO, . 






2-66 


2-02 


20-55 


7-94 


5-65 


MgO, . 






0-24 


0-63 


3.37 


3 04 


0-43 


ZnO, . 










1-21 


5-10 


8-77 


BaO, . 








41-86 








K,0, Na,0, 
















FeS, . 
















s, 






i-62 


1-77 




2-74 


1-83 


NiO, CoO, 










0-03 






Pb, . 








0-20 


1-84 


0-33 


Cu, 








0-24 


1-15 


0-41 




... 




... I ... 


99-54 


Ag, . . per ton, 




1 






3ozs. 14ilwt8. 


Au, . . „ 1 ... 

1 








traces 



References.— \. Private notes, 1888. 2. .Jossa and Kurnakoff B u H 
Zeitung, 1886, Nos. 16 to 19. 3. Egleston, S.M.Q., vol. xii., p. Ill, aver- 
age of analyses given. 4. Crookes and Rohrig. 5. Private analysis, A. 
J. Bensusan. 

A ntimonial Speiss. — Bettel * describes the production of an 
antimony speiss from silver ores which, except that they contain 
antimony instead of arsenic, are almost free from lead, and are 

* Chemical News, June 26, 1891. 
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richer in both copper and silver, appear to be very similar to the 
Mexican ores smelted to speiss as above described. 

In this case the smelting was done in reverberatories and will 
be found described in Chapter XVI. 

Treatment of Argentiferous Speiss. — This material is always 
treated as a rich silver ore, being roasted and smelted together 
with lead ores, litharge, or refinery drosses. It is always better 
to roast speiss with pyritic ores rather than alone, since in this 
case the excess of sulphur in the pyrites combines with the 
arsenic to form volatile sulphides, and there is less tendency to 
the formation of arseniates. 



TABLE XXII.- 



-Matte Analyses from Blast Furnace 
Matting. 





Zalathna, 


Gawrilow, 


Mansfeld, 


SohemniU, 
Hungary. 




Transyl- 


Altai Mts., 


Rhenish 




vania. 


Siberia. 


Prussia. 


Hefereuces, 


1. 


2. 


3. 


4. 


Fe, 


67-10 


20-38 


23-60 


46-89 


Cu, . 








0-74 


6-66 


40-37 


5 00 


Pb, . 








2-23 


0-21 


0-82 


2-45 


Zn, . 








trace 


2-73 


5-03 


6-30 


Ag, . 








0-036 




0-214 


0-126 


A«, . 








0-016 








Mn, . 












0-78 




Ni,Co, 












0-59 




Al, . 










0-47 






Ba, . 










.35-33 






Ca, . 








0-04 


0-89 






Mg, . 










1-43 






s, . 








29 -.30 


25-70 


25-94 


36-97 


Insol. , 








1-29 








As, . 












0-10 


trace 


Ag, . . . per ton, 


12o!s.5dfft8. 




70 ozs. 




Au, . . . ,, 


40!!.16(iwt8. 









References. — Same as for the corresponding numbers in the preceding 
table. 
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CHAPTER XV. 

PYRITIC SMELTING.* 

General Considerations and History. — Pyritic smelting may- 
be described as the smelting of raw pyritic ores direct in the 
blast furnace without carbonaceous fuel, utilising as a source of 
heat the oxidation of part of the sulphur and iron contents of 
the ore itself. Pyrrhotite and chalcopyrite may serve instead 
of pyrites for this purpose, as also may ordinary iron mattes, 
which, indeed, but for their great fusibility would form an 
almost ideal material for the purpose. The natural or artificial 
sulphide present in the material smelted fulfils three functions^ 
viz. — (a) that of a fuel, (b) that of a flux, (c) that of the collector 
of the precious metals together with copper, nickel, &o., as in 
ordinary matte smelting. Given cupriferous or argentiferous 
pyrites ores with too high a proportion of sulphur to form a 
valuable product by simple matting, as is the case with a large 
part of the high-grade Butte ores and with those at Mansfeld, 
it is obviously more advantageous to smelt them direct, utilising 
the sulphur as a source of heat, than to carefully drive ofi" the 
greater proportion of that element by the slow, costly, and 
laborious process of roasting and then to smelt the residue with 
costly carbonaceous fuel. This fact was first practically realised 
by Hollway in 1878, and the experiments he carried out in 
the interest of the Rio Tinto Company in February, 1879, con- 
tained the germ of a practical success. Unfortunately, however, 
the capitalists interested had not the courage to give the process 
a thorough systematic trial under something like practical con- 
ditions ; the experimental plant at Majdenpek in Servia was 
also comparatively unsuccessful, and so the process, as regards 
copper mattes, lapsed. In 1887, however, it was experimentally 
revived at Toston (Montana), and has, by the exertions of Sticht, 
Lang, and Austin, since become recognised as one of the standard 
processes of ore treatment. 

It should be understood that up to the present it has not 
proved possible to do away altogether with the employment of 
carbonaceous fuel, for, even when a furnace runs for twenty- 
four hours without any fuel at all, the occurrence of slight 
irregularities usually renders it necessary to employ coke and 
slag charges, as in ordinary smelting, until normal conditions 

* For details v. Peters, Copper Smelting, 9th edition, 1895, pp. 372-395 ; 
Lang, Matte Smelting, N.Y., 1896 ; also an article in E. and M. J., July 2& 
and Aug. 1, 1896, by the same anther. 
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are restored. The regular use of a small proportion of coke 
as part of the ordinary charge is found to exert a mechanical 
effect, far above its mere thermal effect, in keeping the charge 
open, hence it is usual to employ from H to 5 per cent, as a 
portion of the regular charge. 

Besides sulphur and iron, the oxidation of arsenic (antimony, 
<fec.), and even, in part, that of zinc, may be utilised as sources of 
heat. Arsenic in particular may be almost entirely expelled as 
ASjOg unless nickel or cobalt are present, when a portion may 
remain combined with those metals. Both As and Sb in the 
pyritio furnace have the disadvantage of carrying off silver in 
the fume, part of which is very difficult to recover. A portion 
of the zinc is also volatilised, and may carry away traces of silver 
with it. Lead is, however, a still less welcome constituent of 
ores to be treated by this process, for, although with basic slags 
it may be almost entirely volatilised, a notable proportion of 
silver invariably accompanies it. A part of both the lead and 
the silver so volatilised may be condensed by appropriate means,* 
and the recovered flue-dust treated separately as a lead ore, but 
such measures are very costly, and unless adopted the loss of 
silver in uncondensed fume becomes an important consideration. 
Except, therefore, where fuel is so dear as to render ordinary 
lead smelting methods impossible, silver ores containing much 
lead should be considered as unsuited to the pyritic process. 

Variations in Pyritic Smelting. — Two main variations may be 
mentioned : — 

(1) The Austin system of column charging, designed originally 
for the treatment of a mixture of clean pyritic ores, free from 
silica, with siliceous ores. The former are charged into the 
centre as fuel, the latter round the sides of the furnace. A highly 
heated blast and a large excess of pyrites are essential ; a portion 
of sulphur distils off in the free state, the remainder being burnt 
to SOg. The essential feature of this system, in addition to 
column charging, is the use of a large quantity of hot blast 
(800° to 1000° F.), which is forced in at high pressure through 
a large number of small tuyeres. These conditions bring about 
very rapid driving and consequently great capacity for a plant 
of small size, but the process is only applicable in cases where 
the pyrites ores to be used as fuel are in large lumps and com- 
paratively free from silica, so that in order to form slag they 
have to take up that substance from the non-pyritous ores, 
which are charged separately. Another drawback of the very 
high pressure is found in the formation of large quantities of 
magnetic oxide of iron before the tuyeres. On account of these 
difficulties the process does not seem to be now used. 

(2) The ordinary system of layer charging worked out by 
Sticht, Lang, and others. In this system the various ores are 

' V. Part i., chap. xii. 
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spread in the furnace in layers exactly as in lead smelting or 
ordinary matting, the small proportion of fuel also being charged 
similarly. A small portion of the sulphur in the pyrites vola- 
tilises in the upper part of the shaft (carrying with it some 
arsenic if present), but by far the larger part of it is burned to 
SOg. According to Lang, some SO3 is also formed. The char- 
acteristics of this system are the employment of a large quantity 
of cold or moderately warm blast, supplied at a low pressure 
through numerous tuyeres of large area, and a low column 
of charge. These conditions are opposed to very fast driving 
of the furnace but favour oxidation, the air blown into the 
furnace being almost invariably in excess of that burnt, so 
that free oxygen is present in the escaping gases, as shown in 
the analyses already quoted.* 

In the system now under consideration, the tonnage smelted 
in a furnace of given size is much less than under the Austin 
system, nor is it possible to greatly increase the rate of driving 
without decreasing the rate of concentration. A hotter blast 
does indeed give greater capacity without sacrificing the concen- 
tration, although at the expense of greater cost for fuel consumed 
outside the furnace. This disadvantage is, however, much dimi- 
nished by the increased certainty attained in furnace manipula- 
tion, so that the tendency in future will undoubtedly be towards 
the use of hotter blast. The special advantages of a hot blast, 
particularly as regards the production of bisilicate and other 
comparatively infusible slags, have been considered in detail in 
the last chapter. A hot blast is also well nigh indispensable for 
smelting mixtures with 25 per cent, of sulphur and over. At 
present, however, admirable results are being obtained with 
a blast temperature not over 500° F. (260° C), and although at 
this temperature it is difficult to get a concentration on ores 
rich in pyrites of more than 4 or 5 to 1, the concentration can 
be carried on in steps to any required degree by simply return- 
ing to the furnace the first matte produced. With a blast of 
this temperature Lang finds that it is most advantageous to 
produce monosilicate slags (chiefly of iron), and to treat an ore 
mixture containing from 10 to 15 per cent, of sulphur only. 

Principles of Pyritic Smelting — The principles underlying 
pyritic smelting have already been touched upon in consider- 
ing the effect produced upon lead smelting by oxidising and 
reducing atmospheres respectively.! A large amount of blast 
at a low pressure must be used in order that the oxygen, instead 
of being forced into close contact with a mass of glowing sul- 
phides and carbon in the centre of the furnace, and generating 
locally so much heat that the sulphides are melted faster than 
they can be burnt, may find room to escape upwards through the 
interstices of the charge, oxidising the latter during its passage. 
* Lang, E. and M. J., Aug. 1, 1896. t See part i., chap, vii., p. 12: . 
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The low pressure of blast- presupposes a long narrow furnace, 
so that the blast may penetrate freely to the centre, and the 
high ratio of ore surface exposed to sectional area possessed by 
a furnace of this shape is also specially favourable to oxidation, 
since a much larger proportion of the blast is able to exert its 
oxidising influence, instead of being completely burnt in the 
centre and rising inert through the column of charge. 

The very conditions, however, which are favourable to oxida- 
tion also bring about an excessive cooling of the tuyere zone 
and a chilling effect upon the slag which renders it diflBcult to 
employ any but the most fusible varieties. It is just here that 
the advantage of hot blast is most felt, for by its aid sesqui- and 
bi-silicates can be made as fluid as the monosilicate of iron with 
cold blast. 

Owing to the comparatively low temperature of the enlarged 
tuyere zone the tendency to form accretions through chilling of 
half-fused masses is enormously increased. These accretions 
have the effect of an artificial bosh, concentrating the heat into 
the centre, and so localising it that the sulphides are largely 
melted down unaltered, which gives a heavy increase in matte 
production, while the slag becomes much more acid and pasty, 
from the absence of a portion of the iron oxide which it formerly 
contained. As the aim of pyritic smelting is to concentrate the 
ore and produce as little matte and as much fluid slag as 
possible, it is essential to prevent any such restriction of the 
smelting zone by "barring off" all accretions as they begin to 
form. This can only be done by rendering all parts of the 
furnace easily accessible to barring from above, and hence 
pyritic furnaces are preferably run with " open tops." 

The "hearth efficiency" of pyritic furnaces with blast of 
moderate temperature must always be low, for otherwise the 
oxidising effect is insufficient and too much matte is formed. 
Slow smelting with cold blast means moreover a comparatively 
cool hearth, and this may give rise to incomplete separation of 
slag and matte. In such cases it may sometimes be advisable to 
return the molten matte to the furnace as suggested by Lang,* 
which certainly has the advantage of heating up the bottom, 
though it increases the liability to loss by volatilisation and 
handling. 

As, in order to get the oxidising effect of the blast, the charge 
must be freely penetrated by it, any large proportion of fines is 
particularly detrimental in the pyritic furnace ; in fact, even a 
comparatively small proportion causes a decrease in furnace 
efficiency and largely increases the matte fall. 

Another important feature in pyritic smelting is the large 
size of the charges, which should be from 150 to 200 lbs. per 
square foot at least. Theoretical reasoning and practical ex- 
*0p. cit., p. 58. 
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perience alike teach that the more intimate the admixture of 
fuel and ore, the more powerful will be the reducing action in 
the furnace, and from this it follows that by employing very- 
large charges, the different portions of which never become inti- 
mately mixed until they reach the actual zone of fusion, we shall 
encourage oxidation. Henrich * has pointed out that large 
charges (especially when their siliceous components are charged 
beneath those which are basic) result in a higher temperature 
at the smelting zone and in the hearth than small charges of 
well mixed ore and fluxes, on account of the formation of the 
final slag being a more gradual process. There is, therefore, a 
double advantage in the use of quite large charges. 

Slags. — The slags made in pyritic smelting range from mono- 
silicates to bisilicates, iron being in all cases the principal base. 
Austin has recommended the bisilicate of iron slag, FeO,2Si02, 
but Lang finds that with cold or only moderately warm blast 
the best slag to make, whenever the conditions permit, is the 
monosilicate. Its one disadvantage is its high specific gravity 
(nearly 4), which in the case of a matte consisting mainly of 
FeS (specific gravity only 5), renders a complete separation diffi- 
cult, and to that extent increases the losses of precious metals in 
the slag. With a hot or moderately warm blast, and provided 
sufficient siliceous ores can be obtained, which is usually the 
case, it is, therefore, advisable to make a slag of at least sesqui- 
silicate composition in order to decrease its specific gravity and 
so facilitate its separation from matte. When, however, only 
cold blast is available the greater viscosity resulting from the 
increased percentage of silica may compensate for its lower 
specific gravity. 

When, however, the ores to be treated are already siliceous 
it will generally be found advisable to make even a bisilicate 
slag rather than to add barren fluxes, for the increased fluidity 
obtained by their use is rarely sufficient to ofiset their cost, 
especially when the greater bulk of slag produced is taken into 
account. An exception to this rule may be found in the case of 
quite siliceous ores where limestone is readily obtainable, when 
it may be advisable to aim at making a slag approximating in 
composition to that of type slag No. 7 of the lead smelter,! or 
even one a good deal more siliceous. 

Alumina in pyritic smelting is usually objectionable, though 
not more so than in ordinary matting with coke fuel ; it adds to 
the viscosity of most slags. 

2inc is almost as objectionable a constituent of a pyritic 
charge as of one for ordinary treatment, since although the metal 
becomes perfectly oxidised and does not enter the matte to any 
extent, yet the portion which enters the slag increases its specific 

* E. and M. J. , Dec, 20, 1890. y t See part i. , chap. vil. 

\ 
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gi-avity and renders it pasty, while the portion volatilised carries 
away silver. 

Fluxes. — These play a comparatively insignificant part in 
pyritic smelting owing to the fact that the variety of possible 
slags is so great, and to the further fact that the oxidation of 
the iron as sulphide always furnishes a certain proportion of the 
best of all possible fluxes — namely, ferrous oxide. Austin has 
indeed noted that with the high blast pressures he affects some 
of the iron is frequently burnt to FojOg, with the result that 
magnetic oxide of iron enters both slag and matte, rendering 
both more infusible, besides assimilating their specific gravities, 
and so affecting their separation. With a moderate pressure of 
blast, however, no difficulty of the kind is experienced, prac- 
tically all of the iron oxidised entering the slag as FeO. 

The best flux for an ore consisting chiefly of pyrites is quartz 
containing more or less silver, gold, or copper, but wjien this is 
unobtainable, vein quartz, sandstone, or quartzite, as rich as 
possible in silica, should be employed. Some writers have re- 
commended the use of slate, diorite, or other silicate rock, but 
the neutralising efficiency of such silicates is less than that of 
pure silica, with the result that a much larger quantity has to 
be used. This is bad in two ways — (1) because the greater 
quantity lessens pro tanto the furnace capacity for ore, and (2) 
because the increased quantity of slag produced carries away a 
larger total amount of the precious metals. The introduction 
of alumina, moreover, is in general to be deprecated, although 
satisfactory results have been obtained in smelting very aluminous 
mixtures. 

When somewhat siliceous ores are to be smelted by the pyritic 
or semi-pyritic method, and there is not sufficient iron present 
to form even a bisilicate, the addition of limestone is practically 
indispensable. Oypsum may, in pyritic (though not in ordinary) 
smelting, be substituted for limestone, its SOg being driven off, 
and harytes may be used in the same way, its base entering into 
combination with silica and forming very fluid slags. Barytic 
slags, however, although fluid, have a high specific gravity, and, 
therefore, do not separate well from ordinary iron mattes, re- 
quiring special precautions in the way of forehearths and resulting 
in the production of more or less foul slag. 

Fuel. — The typical fuels in the pyritic process are iron and 
sulphur. The small quantity of carbonaceous fuel required 
(from 1| to 5 or more per cent.) is practically always coke, though 
Lang has found that when using 5 per cent, of coke normally 
one-half may with advantage be replaced by cord-wood, as 
already described in connection with the ordinary matting pro- 
cess. In pyritic smelting this small proportion of wood has 
the special advantage of rendering the charge more easily 
permeable by the blast, and so counteracting the tendency 
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of the pyrites to "pack" through decrepitation and agglo- 
meration. 

Plant. — The furnaces employed for pyritic smelting need differ 
but slightly from those used in matting on the ordinary system, 
except that the tuyere space should be larger and the tuyere 
connections adapted to the use of hot blast, while the absence of 
any large amount of " bosh " is indispensable. The tuyeres 
should be both large and numerous in order to give a large 
volume of blast, but the height of the furnace above the tuyeres 
need not be more than 10 feet, as the working column of charge 
is kept between 5 and 8 feet. The top of the furnace should be 
open in order to facilitate the constant barring down of incipient 
scaffolds, which is found necessary. The shape of the furnace 
should be a long narrow rectangle, owing to the low pressures 
of blast usually employed; the length may vary from 9 or 10 up 
to 15 feet, while the breadth should in no case exceed 36, and 
may be advantageously reduced to 33 inches. The furnace may 
be run either as a "spur-ofen," discharging the whole of its 
melted products into an exterior forehearth for separation, or as 
a " sumpf-ofen," the matte being retained in a pool inside the 
furnace and the blast trapped. 

Heating the Blast. — When hot blast is used the stove is 
usually of the "hanging U " type, though in Colorado and also 
at Mount Lyell another type is used with horizontal pipes. The 
fuel may be any cheap kind, slack coal and petroleum refuse 
being those chiefly employed. The actual temperatures attained 
show great variations, a blast of only 300° F. being considerably 
more efficacious than cold blast, while temperatures up to 1000° 
and 1200° T. (600° 0.) may be employed with advantage under 
special conditions. 

At Keswick (Col.) Lang,* in carrying out a suggestion previously 
made by him, attempted to utilise the heat of the slag for the 
purpose of producing a hot blast, but the arrangement does not 
seem to have been very successful and has now been abandoned. 
The single-pot slag-trucks, holding about 1500 lbs. each, upon 
leaving the furnace, enter a brickwork arch, which is 90 feet 
long, 5 feet high at the open end next the dump and 17 feet 
high at the furnace end, which is provided with a door. The 
cold air entering at the dump end of the tunnel becomes gradu- 
ally heated by radiation from the hot slag, and is drawn off at a 
temperature of near 500° F. from the upper portion of the arch 
near the furnace by a Sturtevant exhaust fan, which serves as 
blower. One of the weak points in this arrangement was the 
mechanical device for automatically moving on the whole line of 
slag-pots every time one freshly filled enters the tunnel, just the 
right distance for detaching a corresponding cooled pot at the 
other end. A higher temperature might probably be attained 
* E. and M. J., July 25, 1896. 
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by a lower arch ; possibly by the use of Hawdon's continuous 
pan slag-carrier or some other automatic conveyor in a closed 
brick tunnel of small size, a blast temperature of 800° to 1000° 
F. might be attained entirely from the waste heat of the slag, 
though the wear and tear on the apparatus would, no doubt, be 
considerable. 

Furnace Construction. — The upper portion of the stack above 
the water-jackets may be built of brick, or a second tier of 
water-jackets may be employed, with a brick-lined plate-iron 
superstructure. Lang has employed vertical iron pipes rising 
through the brickwork from a very low water-jacket, in order 
to protect the bricks from "cutting," but Sticht's arrange- 
ment of a second tier of water-jackets will be usually prefer- 
able. 

In any case an adequate installation of flues and settling 
chambers for the flue-dust is essential, for although the total 
volume of gases given off by a pyritic furnace is not much more 
than by any other kind of furnace putting through the same 
tonnage, yet the amount of dust blown through the low ore 
column is more considerable, and the liability to loss of silver 
through volatilisation of Pb, As, Sb, Zn, Bi, Se, and Te is much 
greater. 

As regards tapping arrangements it has been already stated 
that sump furnaces should be preferred as losing less heat by 
radiation, and, therefore, tending to give a better separation of 
slag from matte, especially when the tap-hole for matte is kept 10 
inches below that for slag. The slags will, however, always carry 
more or less matte-shots, and these should be settled outasfara.s 
possible in forehearths of any of the ordinary patterns,* reserving 
the shells for re-smelting. On very large furnaces any of the 
so-called matte separators, or "separator-taps," described in Part 
I., Chapter X., may be employed, but they are not so well adapted 
to the somewhat varying conditions of a purely pyritic furnace 
as to the steady march of a reducing matting furnace or of a lead 
smelting furnace with its accurately calculated charges and its 
uniformly fusible slag, the composition of which rarely changes 
more than 1 or 2 per cent, from day to day. 

Mode of Working, — As already stated, heavy charges are pre- 
ferable because more favourable to oxidation. In lead smelting 
light charges of only 15 to 30 lbs. per square foot are common, 
but in pyritic smelting the best results are given by charges of 
150 to 220 lbs. per square foot, which give thick layers in the 
furnace. The charging should be in distinct layers, and the 
total height of the column above the tuyeres should be kept from 
6 to 10 feet. Too low a column causes " fire-tops " with in- 
creased volatilisation losses, while too high a column is objec- 

* V. Peters, Modem Copper Smelting, 7th or 8th edition ; also Braden, 
Trans. A.I.M.E., vol. xxvi., pp. 44, et seq. 
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tionable in several ways. In the first place part of the sulphur 
in pyrites which is volatilised at a moderate heat may condense 
in the cool upper layers and agglutinate the charge to such an 
extent as to render it almost impervious to the passage of the 
blast. Then again all pyrites decrepitates more or less on heat- 
ing, and the amount of decrepitation seems to depend chiefly 
upon the length of time it is exposed to heating influences. In 
a very high column, therefore, even lumps of pyrites of fist size 
■would have time to decrepitate into fines and impede the blast 
long before they reached the actual fusion zone. A high column, 
moreover, would allow tire to creep up a considerable distance 
without being noticed, and this is most detrimental on account 
of the excess of FeS present which would be likely to fuse and 
agglomerate the charge above the smelting zone, forming scafiblds. 
The greatest diificulty, therefore, of the pyritic process (as it is, 
on the other hand, its most imperative and essential condition) 
is to keep the charge loose and porous throughout, and free from 
accretions of all kinds. 

The " hearth efficiency " of pyritic furnaces with cold or only 
warm blast is, as has been already mentioned, usually less than 
that of furnaces of the same size running on coke fuel, as shown 
by the data given in Table XXIII., which, however, is hardly 
a fair comparison on account of the inadequacy of the blowing 
arrangements at some of the furnaces. With ample blowing 
power and a hot blast, it is probable that a higher tonnage would 
be shown by most of the furnaces. 

Cost. — A few figures of cost are given in Table XXIII., from 
which it will be seen that the latter is always less than in 
ordinary smelting with coke fuel, to say nothing of the abolition 
of roasting, in itself no small saving. As a rough general aver- 
age, it will be found that the cost of coke in the ordinary matting 
furnace is about 60 per cent, of the total cost of smelting per ton 
of charge including fluxes, whereas in pyritic smelting it rarely 
amounts to more than 20 or at most 25 per cent, of the total. 
The difference — viz., 35 or 40 per cent, of the total cost of 
smelting — would in itself be a sufficiently substantial economy, 
but if in addition we add the entire cost of the roasting opera- 
tion with all its attendant losses in the shape of dusting and 
leaching, it will be seen that, with anything like suitable ores, 
the pyritic process efiiects something like a revolution and opens 
up fresh fields in the treatment of ores under conditions in 
which smelting processes have hitherto seemed to be out of the 
question. 

Losses It must be admitted that the volatilisation loss of 

silver under ordinary conditions in pyritic smelting is somewhat 
greater than in lead- or plain matte-smelting. The difference, 
however, is not considerable, and the silver loss in slags appears 
to be about the same, while there is certainly no greater loss of 
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gold. At Leadville (Colo.) * the total recovery in 1892 on com- 
mercial assay.s was 93 per cent. Ag and 95 per cent. Au. 

At Boulder (Mont.) f the slags averaged only 8 dwts. to 18 
dwts. per ton, the maximum being only 1| ozs., while the re- 
coveries were 89-2 per cent, of the silver and 102-5 per cent, ctf 
the gold on commercial assays, the high loss of silver being 
entirely in the flue-dust, which also contained much lead. 

At Toston (Mont.) % the recovery was 95 '3 per cent, silver and 
101 '6 per cent, of gold. In neither of these cases was there any 
recovery of flue-dust ; and Sticht is confident that with proper 
appliances for the collection of flue-dust, the loss of silver need 
not exceed 5 per cent., while the gold should show a small 
surplus as usual. 

The experience of Lang § practically confirms the above 
figures. As regards copper, the same writer finds || that slags 
can be readily made carrying under 0'5 per cent, even when 
making a 30 per cent, or a 40 per cent, matte, so that the losses 
are no greater than with the ordinary matting furnace. 

Bye-products of Pyritic Smelting. — A bye-product of pyritia 
smelting not yet utilised in practice, but which, under certain 
circumstances, may become very valuable, is the sulphurous acid 
in the gases, which, as shown by Lang, U average something like 
1 1 per cent. SOg. Considering that the average percentage in 
gases from the pyrites kiln ordinarily employed for the manu- 
facture of sulphuric acid is only 24 per cent., it is evident that 
the practical difficulties in the way are by no means insurmount- 
able. Probably the manufacture of sulphuric acid from the 
gases of a pyritic furnace would have been undertaken long ago 
but for the fact that in the districts where pyritic smelting has 
hitherto found its most appropriate field, there is no demand or 
possible market for the acid. 

Examples of Pyritic Smelting. — Table XXIII. shows compara- 
tive data of various pyritic plants in different parts of the 
world, but it may be well to give further details with reference 
to one or two typical plants. 

At Mount LyeU (Tasmania)** four large water-jacketed fur- 
naces, 40 inches by 168 inches at the tuyeres, are arranged with 
continuous discharge into external movable forehearths for separ- 
ating matte and slag, and from these forehearths the matte is 
tapped direct into the converters for twice blowing up into 
argentiferous pig copper. The general arrangement of the plant 
is shown in Fig. 69. tt Each furnace is built with a double tier 

* Sticht in Peters, Modern Copper Smelting, 7th edition, 1895, p. 429. 
t/6tV., p. 434. J /fcid., p. 430. 

§ Matte Smeltinrj, 1896, pp. 70 to 78. 

II Enr/. and Min. Journ., Aug. 1, 1896. ^Ibidem. 

** Private communication from Mr. Robt. Sticht, Metallurgist in charge,. 
Nov. 26, 1896. Additional furnaces have since been erected. 
t+ From Trans. Inst. Min. Met., vol. iv., p. 484. 
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of water-jackets slightly inclining outwards so as to give a space 
of 58 inches by 183 inches at the throat, and resting on bottom 
plates supported by screwjacks. 

The side jackets are of j^-in. steel, the end and tap jackets 
of cast iron. The lower tier of side jackets which contains the 
tuyeres is composed of six jackets — viz., two centre ones 42 inches 
long and four corner jackets 6 feet 9 inches long— while the 
upper tier is composed of eight jackets of the same material. 
There are two end jackets, one steel tymp jacket, and three 
tapping jackets. The total height of the two series of jackets is 
6 feet 2 inches, or 5 feet above tuyere centres, the height from 
tuyere level to top of charge column being 11 feet 6 inches, and 
to feed-floor (which is 20 feet above tapping floor) 14 feet 
6 inches. Above the jackets is the usual brick superstructure 
carried upon four columns, ending in a sheet-iron hood and 
chimney containing the feed-doors, with a damper on top, and 
a downtake for the fumes. 

The matte and slag run together from the sump (protected 
by the steel tymp-jacket), into a large rectangular open cast-iron 
forehearth more or less of the design shown in Fig. 67, p. 259, 
except that, on account of the great matte-flow, it is cooled by 
water-circulating tubes round the sides, and that for the same 
reason, the matte has to be tapped through a small tapping- 
jacket. The slag flows continuously from the forehearth and is 
carried away by a strong jet of water. The outlet for matte 
and slag is in the centre of one long side of the furnace and not 
at the end. 

The hot blast stoves (shown in Fig. 70) consist of a brick 
heating chamber with the ordinary hanging U-tubes, and fired 
with wood. The blast for each furnace is a No. 7 Roots blower 
with engine attached on the same bedplate, power being fur- 
nished by two Babcock & Wilcox boilers. The fumes and gases 
ax-e carried uphill in a Virick flue 250 feet long to the main 
chimney 244 feet above the slag-dump. The matte first pro- 
duced is concentrated by running through a second time with 
the ordinary charge. 

Further particulars as to the working of this plant (designed 
by Sticht) are given in Table XXIII. 

At the Bimetallic smelter (Leadville, Colo.) * semi-pyritic 
smelting of a great variety of ores is carried on in two stages. 
The staple sulphide ore is a nearly pure pyrites with only 2 to 
2J per cent. Cu, 2 per cent. Pb, 4 per cent. Zn, 2 to 3 per 
cent. 810.2 and 20 ozs. silver per ton, the rest being iron and 
sulphur ; but over 60 per cent, of it is in a fine condition, which 
precludes the possibility of using it in the furnace as a flux for 
dry siliceous silver ores bought in the open market. The first 
operation, therefore, is to bring this ore into the condition of 
* Private notes, 1897. 
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Fig. 69. — Furnace Plant u.sefl at Mount Lyell. 




Fig. 70.— Hot Blast Stove (Mt. Lyell), U-pipe system (side \-iew). 
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a low-grade matte, the ideal material for concentration on the 
pyritic system. In this first or concentration smelting only a low 
grade of concentration is aimed at, averaging 2 to 1, and the 
silica for slag forming is added in the form of siliceous slag from 
the second or silver smelting, the average charge being 2000 lbs. 
pyrites, 1200 lbs. siliceous slag, and 200 lbs. limestone. The 
very fine condition of the pyrites prevents much use being made 
of the sulphur as fuel, and the consumption of coke is from 
7 to 12 per cent, of the weight of charge smelted. The first 
matte contains 4 per cent, copper and 40 ozs. silver per ton, the 
first slag, containing 35 to 38 per cent, silica, being clean enough 
to throw away after passing a huge forehearth and two successive 
catch-pots. 

The second operation more nearly approaches a true pyritic 
smelting, for in it the low-grade matte already produced is 
employed at once as a vehicle, flux, and fuel for smelting dry 
siliceous silver ores upon which there is a high smelting charge. 
The rate of concentration is 6 to 1, the final matte containing 
24 per cent. Ou and 240 to 360 ozs. Ag per ton, while the slag 
run is from 42 to 45 per cent. Si02 — as siliceous, in fact, as 
possible ; for since it is all saved for cleaning in the concen- 
tration smelting, there is no object in aiming at a specially close 
separation in this, which may be called the ore smelting. The 
slag accordingly carries 1^ to 2 per cent, copper and 3 to 5 ozs. 
silver per ton. ' 

The furnace employed consists of a single battery or tier of 
cast-iron water-jackets resting on a heavy sectional cast-iron 
baseplate supported by ten screwjacks. The distance from base- 
plate to centre of tuyeres is 22 inches. Each long side of the 
furnace consists of nine sections, each containing two tuyeres 
3^ inches diameter delivering blast at 10 to 14 ozs. pressure. 
Two No. 7 Roots blowers easily supply wind for three furnaces. 

The matte and slag are delivered through an inclined settling- 
box of cast-iron plates lined with clay, which traps the blast into 
a large forehearth ou wheels measuring 5 feet by 30 inches wide 
and 3 feet deep, formed of |-inch cast-iron plates, flanged and 
strengthened with wrought-iron bands. The matte is tapped 
into pots through a tapping-block of solid cast iron 15 inches 
square and 3 inches thick, the centre portion of which, 5 inches 
square, and containing the I -inch taphole, is renewed every 
thirty days. 

The fumes from the furnace contain much lead, and are drawn 
off by fans and forced through spraying-towers, as described in 
Part I., Chapter XII. The product contains 25 to 40 per 
cent, lead, with silver a little higher than that in the charge ; it 
is sold to the lead smelters. Other particulars with reference 
to these works are given in Table XXIII. 

At Keswick (California) a one-furnace plant for pyritic smelt- 
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ing low-grade ores was, not long ago, designed by Lang.* The 
plant is arranged upon one level, the motive power throughout 
being electricity, which, however, has to be generated from 
a central dynamo station using steam-power, as there is no 
water-power available. The generator is one of 40 kilowatts and 
the voltage used is 110, the installation serving also for lighting. 
Hydraulic lifts are used for raising the charges to the feed-floor, 
the pressure in the accumulator being 125 lbs. per square inch. 
Besides a rheostat in the field coils of the blower motor a number 
of different-sized pulleys are provided so as to vary the speed 
of the blower within any required limits. The arrangements 
for utilising the waste heat of the slag to warm the blast have 
been already described. The ores being poor in copper (only 
2 per cent.) the matte first produced has to be concentrated 
twice by re-smelting with quartz ore and tine sulphides, so as 
finally to bring it up to 38 per cent. Cu. 

The resulting matte is Bessemerised up to rough copper and 
refined electrolytically. 

Pyritic Smelting to Speiss.— Hitherto nothing seems to have 
been attempted in this direction, but given suitable ores — i.e., 
those containing a high proportion of mispickel — it would seem 
quite feasible to smelt them as pyrites ores are smelted, utilising 
the heat afforded by the combustion of arsenic as well as of 
sulphur and iron as the principal, if not the only, means of 
fusion. The greater specific gravity of speiss would seem to 
afford even greater facilities for obtaining clean slags, and there- 
fore a high percentage of extraction. On the other hand, as 
already seen, the loss of combined silver in slags would be some- 
what higher. Moreover (and this is really the weak point), the 
volatilisation loss of silver is undoubtedly much greater in the 
presence of a large quantity of volatile arsenic compounds — and 
still more is this the case with antimony compounds. 

Gold, however, while even more perfectly concentrated in 
speiss than in matte, does not seem to be volatilised to any 
perceptible extent under the conditions prevailing inside a blast 
furnace, nor in the presence of arsenic or antimony. A speiss 
process, therefore, would seem to be eminently adapted to the 
concentration for shipment of gold-bearing mispickel ores or 
concentrates, which are always so difficult to dead roast for 
chlorination. 

* E. and M. J., Aug., 1896. 



19 



290 



THE METALLURGY OP SILVER. 



O 
!2! 



xn 

3 
>t 
Ph 

III 

o 



111 

< 



<! 





<d 


4 

40" X 168" 

14 ft. 6 ins. 

/•j" steel 

32 of 3" 

226-19 

57-72 

3-92 

240 to 260 

4-33 

111 

21 

400°to4S0°P'. 

lift. 6 ins. 

aboxit 5 


Ii 

Mo 


10 


1 

36" X 180" 
7 ft. 6 ins. 

26 of 2" 

81-68 

45 

1-83 

132 

2-93 

1-61 

5 to 5i 

500° F. 

Z\ to 4 ft. 

about 4 


Bimetallic 

Smelter, 

Leadville, 

Colo. 


4 




II 


00 


90i 

12 

about 8 


II 


ci 


33" X 140" 
100 


1 


- 


to ^ 

CO 




1^ 


No. of furnaces in blast, .... 
Dimensions at tuyeres, .... 
Height of tuyere-line to feed-floor, . 

Material of jackets, 

Number and diameter of tuyeres. 

Total area of tuyeres, . . sq. ins. , 

Sectional area at tuyeres, sq.ft.. 

Tuyere ratio 

Tonnage put through per 24 hours, tons. 

Average hearth efficiency 

Average tuyere cfficioney, . 

Average blast pressure, . . . ozs. , 

Average temperature of blast, . 

Height of column of charge, 

Degree of concentration, . tons into 1, 



PYEITIC SMELTING. 



291 






o in 



IB « ?5 

OS <N -H 



IN "S (M 
»0 CM 



ZZ ±i '" V -^ '^ 



go o 
o o 

S 2 :!; 



o 3 
«5 g' 



f^ 



'SS 



O 71 



o 



8 



a 






rn 




x> 


■FTn 








-kJ 




^ 


(N 






fe "^ fci ® 

" (B 2 « 

o £< S 3 S 

:-s g S e -i 

o fe !3 "" 

si I 3 

O 



3 

o 
H 



a c 



- ^ i #1 

3 o .5 .2 Js 

©•O hJ OD S 








1 . 




g 


1 . 




s 


1 . 
























Ph 




Si 


Ph 




s? 


ft 




ft 


i = 


1 


p. 


i = 


1 


P4 


i = 




1 . 

i 


• • 


^' 




• • 


i 




• • 






















^ ■ ■ 




g 






a 






1 • • • 


o 
o 


, 








a 

3 
u 

6 






1- • • 

03 


«4H 




<*H 










t*H 




















s • ■ 


• • 


d 
o 








• 




" -d • 


'3 




■4^ 






ft 






'M S - 




bO 3" 


h 




to 3* 


-3 




tS 3" 




yo<» 


<3 < 


J <3 O 


J 


< < 


o 




o 






CO 










292 



THE METALLURGY OF SILVER. 



s 



XI 



|"-2 

ii 


to 


6-5 

6-12 
05 






M5 


« 


Jr^ CO ^ i^ CD -H 
(M M 00 ^ 

■* p ip .m . . : : ; m rH ^ :o :00 
o th 6 • ffi • • • ■ - 

O O O O OO 


01 

o 


o 


Bimetallic 

Smelter, 

leadville, 

Colo. 


<j 


o 

<»"0::::: ::: ::"::::: 

o 




_ 

i 


gg 


n 


: : : : : o S wi>i, t-cccc-ooo c 

->^ !j ffi.000 -* 

Hs"^ -^ ooooooo^S 


00 

o 


m 

o 

o 
'A 


il 
■S.2 
MS 


(4 


85 to 90 
100 to 103 

£0 5 34 
1 54 
1 
1 104 
11 
54 
74 

not known 






g1 


- 


T 

95-3 
101-6 

£0 11 2 
1 
2 10 
6i 

3 4 

34 
not known 


o 


o 




i 


Composition of slag — continued: — 

CaO . MgO 

ZnO, 

Cu, 

Pb, . . . . . 

s. 

Ag, .... ozs. per ton, 
Au, ....,, ,, 

Recovery of copper, . . . per cent. , 
Recovery of silver, . . . ,, 
Recovery of gold, . . . „ 

Cost of smelting per ton of ore : — 

Labour, 

Superintendence and assaying. 

Coke (and furnace wood). 

Limestone, . . ... 

Fuel for power, 

Fuel for heating blast, . 
Sundry supplies, oil and light, 
Literest and depreciation. 

Total, 

Cost^ofjSmelting per ton of charge, . 

HEED 



MATTE SMELTING IN REVEEBEEATORIES. 293 



CHAPTER XVI. 
MATTE SMELTING IN REVERBERATORIES. 

As in the case of blast furnace matting, reverberatory smelting 
of silver ores containing copper presents no special peculiarity 
to differentiate it from the similar smelting of copper ores. 
Practically speaking, therefore, silver matte smelting in rever- 
beratories is a variation or offshoot from the ordinary English 
process of copper smelting. 

Characteristics of Beverberatory Smelting. — The most 
important features in which reverberatory differs from blast 
furnace smelting are the following : — 

(1) Complete Separation of the Fuel from tlte Ore. — The combus- 
tion chamber being entirely separated from the working portion 
of the furnace in which the ore is heated by flame only without 
direct contact with fuel, it is possible to raise or lower the 
temperature in the latter within certain limits almost at will. 
The ash of the fuel is not mixed with the ore and has not to be 
melted, therefore the slag produced is less in amount, and con- 
sists merely of the gangue of the ore itself, together with such 
material as may be taken up from the furnace lining by corrosion 
or abrasion. 

(2) Larger Consumption of Cheap Fuel. — In the blast furnace 
the products of combustion passing up through the cold charge 
yield the greater part of their heat by direct contact, and, there- 
fore, although the fuel employed is of an expensive kind (chiefly 
coke or charcoal) the " heat efficiency of the furnace — i.e., the 
actual weight of charge smelted per ton of fuel consumed — is the 
highest possible. 

In the smelting reverberatory the charge has to be heated for 
the most part by radiation from the flame and heated gases, and 
as the whole area of the furnace is practically at a nearly 
uniform temperature, the products of combustion must pass 
away at about this same temperature ; consequently there is 
great waste of heat, and the "heat efficiency" of the whole 
appliance is very much lower than that of the blast furnace. 

Against this drawback must be set the enormous advantage 
that the reverberatory does not require a high-class fuel, but 
will work nearly as well with almost any kind of small coal, 
slack, lignite, or even dry wood, providing the firebox and air 
supply are so arranged as to permit of the fuel burning with 
sufficient rapidity. As regards the waste of heat in escaping 
gases, this can be very greatly diminished by passing them 
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round the conduits which bring to the grate its supply of air 
for supporting combustion, and by closing up the ashpits and 
fire-doors so that as little air as possible, other than that so 
heated, shall gain admittance to tlie interior of the furnace. 
One of the arrangements for doing this is mentioned below. 

(3) Intermittent instead of Continuous Working. — In the blast 
furnace cold ore is being continuously charged at the top, while 
hot slag runs off at the bottom. Such continuous working has 
not as yet been found practicable in the reverberatory, and each 
charge has to be spread, warmed up, smelted, settled, and 
skimmed independently. Not only do the operations of spread- 
ing, warming up, and skimming cause great waste of time, but 
the first and last give rise to great loss of heat, since however 
rapidly they may be performed the furnace doors must remain 
open while the workmen are handling any part of the charge, and 
it is impossible to prevent cold air entering the furnace. The 
losses of time and of heat are greatly diminished by in- 
creasing the number of hoppers for charging and of doors for 
skimming. 

(4) Greater Eange of Slag Composition. — Here the reverbera- 
tory has a very decided advantage, for, owing to the greater 
length of time for settling out afibrded to the matte-grains, it is 
by no means so essential that the slag shall be as perfectly fluid 
as that produced in the blast furnace. As far as removal from 
the furnace is concerned, quite pasty and viscous slags can be 
skimmed almost as readily as those which are more fusible, and, 
therefore, the only limiting factor as regards the composition of 
the slag is that it shall be sufliciently fluid to permit the shots 
of matte to settle out. 

As a matter of practice it is found that with proper settling 
facilities outside the furnace ior shots of matte brought out by 
the rabbles, reverberatory slags can be made cleaner than those 
of similar composition Irom the blast furnace, or, which comes 
to the same thing, equally clean slags can be made with a, 
decidedly more siliceous charge. This saves flux and reduces 
the aggregate slag loss owing to the smaller weight of slag 
produced. 

(5) Adaptability to Fine Charges. — It has been seen* that fine 
ore is a great trouble in ordinary low-blast furnaces, giving rise 
as it does to lessened capacity, irregular working, and increased 
losses in flue-dust and foul slags. In the reverberatory, however, 
fine ore is a positive advantage, since the individual particles 
more readily melt and flux each other ; while, although the pro- 
portion of flue dust produced is, of course, higher with fine ore, 
its absolute amount is so small, compared with the quantity pro- 
duced in the blast furnace, that it becomes a comparatively 
insignificant matter. 

* See part i., chap. ix. 
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(6) Differences in Seactions and BesuUs. — The atmosphere of 
the reverberatory furnace may be made, at will, oxidising or 
reducing, but may be regarded as normally neutral. The atmo- 
sphere of the blast furnace varies in different parts of its section 
and is, moreover, not so perfectly under control, though within 
certain limits it may be made oxidising. As a general rule, 
however, the blast furnace atmosphere is reducing, and it must 
always be so to a certain extent in the immediate neighbourhood 
of the burning fuel. In the blast furnace which smelts partially 
calcined ore with coke fuel practically all the sulphur present 
finds its way into the matte. In the reverberatory, however, 
oxides and sulphides mutually react upon each other, and sul- 
phates (including barium sulphate) are split up in the neutral 
atmosphere, so that a large part of the sulphur present is driven 
off according to the following typical reactions, which are given 
as examples ; — 

CujS -I- 2CU2O = 6Cu + SO2. 

2Cu + FeS -l-FeaOs = CujS + 3FeO. 
FeS + SFejOj + TSiOa = TlFeO.SiOa) + SO^. 
CUSO4 = CuO + SO3. 

2BaS04 + Si02 = 2BaO . SiOj + 2SOs. 

It is obvious, therefore, that with a charge of given composi- 
tion much more sulphur will be expelled in a gaseous form when 
smelted in the reverberatory than in the blast furnace. The 
reverberatory, therefore, will produce from any given charge the 
richer matte, or, to put it in another way, will yield a matte of 
equal grade and permit of the same degree of concentration with 
a much less perfectly roasted charge. It is absolutely essential 
in a reverberatory charge to have some unroasted, or very 
imperfectly roasted, ore in order to supply sulphur not only for 
the matte but also as a reducing agent for the ferric oxide, which 
in a blast furnace has usually to be reduced by the agency of 
carbon or of carbonic oxide. 

Reverberatory Smelting at Butte (Montana). — The most im- 
portant centre of silver-copper reverberatory smelting in the 
world is undoubtedly that at Butte (Mont.). The ores which 
are smelted direct without concentration run from 11 to 30 ozs. 
silver, from 9 to 26 per cent, copper, and 7 to 28 per cent, 
insoluble residue ; the concentrating ores contain 3 to 12 ozs. 
silver, 0'5 to 8 per cent, copper with 50 to 60 per cent, insoluble 
matter, the remainder in each case being chiefly iron and sulphur, 
together with, in some of the ores, lead, zinc, and manganese. 

The concentrates are invariably roasted in one or other type 
of automatic furnace, and are then smelted together with small 
quantities ot picked " smelting ore," also partly roasted or some- 
times raw in part, in reverberatory furnaces of large size. The 
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copper present in these ores being more valuable than the 
amount of silver contents, their smelting may be more properly 
considered as belonging to the metallurgy of copper than to that 
of silver. 

Fig. 71 * shows a modern Butte reverberatory used at the 
Parrot works for smelting roasted silver-copper concentrates to 
matte. In this figure a is the firebox, b the hearth, and c the 
stack, d d are skimming side-doors, e the front door, and / the 
taphole. It will be noticed that the firebrick lining is in two 
distinct layers to facilitate replacement of the inner one when it 
becomes worn or corroded. Its "life" may be greatly lengthened 
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Fig. 71. — Butte Reverberatory Furnace. 

by keeping a sort of ring or bank of siliceous ore piled against 
it all round the furnace. The stack must be of ample capacity 
without which it is impossible to secure the requisite rate of 
combustion in the firebox, but its height, for one furnace, need 
never exceed 65 feet. The inner lining of firebrick, separated by 
an air space from the main firebrick wall, is suppressed at 40 
feet high, thus permitting the stack to have a somewhat larger 
sectional area at top than at bottom in spite of the latter. The 

I* From Peters, Modern Copper Smelting, 7th edition, p. 457. 
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sand bottom (of pure quartz sand softened and " tempered " by 
smelting sand-charges upon it) is from 2 to 3 feet thick, formed 
upon a brick bottom built in the form of an inverted arch. 

A very good description of these modern furnaces and of the 
mode of operation is given in the latest editions of Dr. Peters' 
work, to which reference should be made for details. It may 
be sufficient to mention here that an oval furnace, the hearth of 
which is only 22 feet long by 12 or 14 feet wide, will smelt 
daily 48 or more short tons (of 2000 lbs.) of ore, the charge 
being composed of, say, 60 per cent, of hot calcined concentrates 
and 40 per cent, of siliceous crude ore, and the rate of concen- 
tration 3 or 3^ into 1. 

Each charge, weighing 5 tons, is dropped from two or three 
hoppers into a bath of molten matte immediately after skimming 
the slag of the previous charge, and in this way not only does it 
spread almost automatically with very little help from the rabbles, 
but is prevented from sticking to the bottom and kept on top 
where it is directly exposed to the fierce heat of the flame. 
Under these conditions each 5-ton charge takes only two and 
a-half hours to work off. 

The essential conditions which distinguish this modern method 
from the antiquated Welsh practice and render such large 
■capacity possible are the following : — 

1. Greatly enlarged hearth area, varying from 21 feet by 10 
feet up to 2i feet by 14 feet 6 inches inside measurement. 

2. Greatly enlarged sectional area of grate, flue, and chimney, 
also the use of all bituminous coal, and a thin layer of fuel on 
the bars instead of the "clinker grate," used for burning a 
mixture of anthracite and bituminous slack. All this has for 
its object the rapid combustion of fuel, 10 or 12 tons jier day 
being burnt in a firebox of only 30 square feet sectional area. 

3. Keeping a pool of ujolten matte, say 8 inches deep, always 
in the furnace so as to float up each new charge, spread it with- 
out any trouble, and prevent it from adhering to the bottom. 

4. Rapidly skimming the slag through at least three doors 
at once, cutting off the chimney draught meanwhile * so as 
not to cool the furnace too much. 

5. Previously heating the air by conducting it through suit- 
able channels in the furnace brick work, or through cast-iron 
■conduits heated by the furnace gases ; allowing no cold air to 
pass through the fire. 

6. Keeping the hearth as hot as possible by utilising the vault 
exclusively for heating the air for combustion, or, preferably, by 
abolishing it altogether. 

7. Charging the roasted ore, while still red-hot, into the smelt- 
ing furnace by means of two or three hoppers on its long axis. 

8. Skimming as soon as the major portion of the charge has 

* By raising a sliding door covering an opening in the stack. 
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become fluid, without waiting for any sticky portion which may 
have accidentally adhered to the bottom. 

Use of Heated Air under the Grate. — At Anaconda * a unique 
and very etfective arrangement is in use for heating the air 
required for combustion up to a temperature of 600° to 700 F. 
(315° to 371° C). 

At one of the Anaconda plants a row of ten furnaces, each 
21 feet by 13 feet inside hearth, with fireboxes 10 by 5, is fired 
with "run of mine'' coal, largely slack, and provided with forced 
draught in a closed ashpit. The blast for all the furnaces is 
provided by eight fans, each 4 feet diameter, and driven at 
2500 to 2800 revolutions per minute. The furnaces take 5-ton 
charges, six of which are, on the average, worked o£f per shift, 
making a daily capacity of 60 (short) tons per furnace. ,The 




■23 
Fig. 72. — Anaconda Furnace. 



coal used averages 14 tons for the 60 tons of charge, or 23-3 per 
cent, by weight, and the ashes are removed automatically from 
each firebox by a stream of water in a launder on an inclination 
of f inch per foot. 

The heating of the blast is commenced by running the 3-feet 
blast main through the whole length of the long underground 
flue, which serves forty roasting furnaces. It is completed by 
passing it through a system of rectangular cast-iron pipes under 
the hearth and heated by radiation from the flue. Fig. 72 f 
shows in plan the arrangement of these pipes. 

* Private notes, 1897. + Borrowed from Peters, op. cii. 
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Two sides of the main stack, a, are enclosed within outer 
walls, b b, for a height of about 20 feet from the ground, forming 
a space, c, which is heated by a number of radiation holes, e e, 
left in the stack wall itself. Through this enclosed hot-air 
chamber meanders in zig-zag fashion alternately up and down 
a rectangular cast-iron pipe, u, 20 inches by 13 inches in section,, 
containing the current of warm air from the main blast pipe, 
which thereupon becomes heated through the radiation holes, e e. 
The cast-iron pipe continues its course under the furnace hearth, 
as shown by the dotted lines and arrows, finally reaching the 
ashpit,/ at the temperature of 600° to 700° F. 

There are several little peculiarities about these furnaces 
which tend to economy and eflSciency ; among them may be 
mentioned the circular rolling doors and the steam jets in the 
ashpits tending to keep the clinker soft and spongy. The most 
important features not yet mentioned are the long three-necked 
hopper for the ore charge, worked by long levers attached to 
the sliding doors, and the similar hoppers for coal over the 
firebox. 

Each furnace handling 30 tons per twelve-hour shift is attended 
by only two men per shift, one of whom attends to the fire, while 
the other looks after charging and spreading, and both assist at 
skimming time. The great capacity of the furnaces is partly 
due to the fact that the whole charge consists of " calcined ore " 
fresh from the roasting furnaces and practically still red hot, 
as well as to the other peculiarities already mentioned. 

Reverberatory Smelting at Argo.* — The Argo Works, Denver, 
managed by Dr. Richard Pearce, are the only works in the 
United States which smelt gold and silver ores to matte exclu- 
sively in reverberatory furnaces. Copper at Argo is merely 
a vehicle, and only suflScient cupriferous ore is employed to make 
sure of thoroughly collecting the precious metals, the average 
charge smelted containing less than 2 per cent. Cu. The ores 
treated comprise — (1) Pyritic (auriferous) ores and concentrates 
from Gilpin County and elsewhere ; (2) barytic silver ores from 
Aspen and Oreede ; (3) siliceous telluride and other gold ores 
from Cripple Creek ; and (4) any and every kind of ore contain- 
ing gold and silver, not too rich in lead. 

Eoasting. — The whole of the pyritic ores and concentrates are 
roasted (after crushing when necessary) in the Pearce turret 
furnace, described in Part I., Chapter VI. The capacity of each 
furnace is 15 tons of pyrites, containing 43 per cent, sulphur, 
roasted down to 5 or 6 per cent, sulphur in twenty-four hours, 
with a consumption of 2f tons or 17 per cent, by weight of coal. 
The cost of roasting is stated as follows : — Labour, 4-86d. ; fuel, 
16-OOd. ; power, steam, and oil, 3-88d. ; repairs, l-31d. ; interest 
at 6 per cent., 2-76d. — total, 28-81d., or, say, 2s. 5d. per ton. 
* Private notes. 
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Smelting. — The red-hot calcined concentrates are mixed with 
about an equal proportion of the siliceous and other ores, cold 
and unroasted, and smelted in one of the modern reverberatories, 
■which are absolutely the largest smelting reverberatories in the 
"world. Peters * gives figures showing the gradual increase in 
size of these furnaces from 1878 to 1894, and since then still 
larger furnaces have been built. Table XXIV. gives a few 
comparative data. 



TABLE XXIV. — Development of Abgo Reverberatories. 



Particulars. 


1878. 


1882. 


1887. 


1891. 


1893. 


1891. 


1896. 


Area in sq. feet, stack, . 


7-56 


7 '56 


9 


9 


12-J5 


16 


•t 


,, firebox, 


22 o 


22-5 


24-75 


28^5 


32-5 


32^5 




,, ,, hearth. 


105 


1.39 


198 


265 


402 


481 


sib 


Ratio, firebox (= 1) : hearth, . 


4-67 


6'18 


8-00 


9^30 


12'37 


14-80 


1 


,, ,, stack. 


■336 


•336 


■364 


•315 


•376 


■491 




Tons coal burned per 24 hrs. , 


5 


7 


9 


10 


13 


13^5 


17 


Percentage of area lost in 
















corners 


28 


24-5 


26 


23 


16 


14 


? 


Tons smelted per 24 hours, 
















cold 


12 


17 


24 


28 


35 






Tons smelted per 24 hours. 
















hot 










43 


50 


72 


Tons smelted per ton of coal, . 


2-4 


a'is 


2-67 


2'8 


3 3 


3^7 


4-2 


Percentage of fuel used, 


42 


41 


37-5 


36 


30 


27 


24 


Pounds smelted per sq. ft. 
















of hearth, .... 


229 


24.5 


242 


211 


213 


208 


177 



Up to 1893 the whole of the ore charge was smelted cold, but 
in that year the calcined portion was charged direct from the 
roasting furnaces, with the result that the weight of charge 
smelted per twenty-four hours with a given consumption of coal 
was increased by 23 per cent., while the capacity of the furnace 
per square foot of hearth area remained at the same figure, in 
spite of the more thorough utilisation of the heat of combination 
realised by the larger furnace. 

The charge for the largest 45 by 18 feet furnace (called the 
" Cambria") is 12 tons, which is dropped into the hearth from 
four hoppers simultaneously so as to assist it in spreading quickly 
over the whole surface of the molten bath of matte. The hoppers 
are situated over the centre line of the hearth, and are connected 
with the cast-iron pipes passing through the arch by means of 
wrought-iron funnel tubes, which are temporarily raised during 
the process of charging. These hoppers are filled by means of 
overhead tram lines running over the calcining furnaces to the 

* Op. cit., 7th edition, pp. 445, 446. 
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ore bins, so that there is no handling of hot ore, the trucks filled 
under the vaults of the turret roasters being raised by a lift and 
run direct into the hoppers of the smelting reverberatories. Each 
charge of 12 tons takes four hours to work off. 

Disjiosal of Slag. — When ready the slag is skimmed from four 
doors at once into a system of clay-lined cast-iron launders 
running round it, and provided with settling pots in front of 
each skimming door, and at the corner of the furnace, in order to 
catch shots of matte. The stream of molten slag is conveyed 
outside the building by means of a continuation of this launder 
at the very low inclination of only ^ inch per foot (the section 
across the track being counterbalanced so as to be raised out 
of the way when not wanted), and there cast in pigs in sand 
beds. This is found quite satisfactory at Argo because the 
Railway Companies are glad to get the slag for use as ballast, 
and pay a price for it loaded into trucks which considerably more 
than covers the cost of casting and loading by hand. 

At the Parrot works (Butte) the slag is granulated by means 
of a stream of water from a 6-inch pipe under a 12 feet head, 
and so carried away, while at Great Falls the same method is 
used for removing the slag from the great gas-fired tilting rever- 
beratories there employed. Where water is scarce the slag may 
be skimmed into large slag pots, and hauled by mules to a tip as 
usual. 

Disposal of Matte. — The matte at Argo is small in amount, 
the usual rate of concentration being 15 or 16 into 1. It is 
usually allowed to accumulate for six days, and then tapped 
out into sand beds, as in the usual Welsh practice, the sand 
which adheres to the pigs not being objectionable at these works 
on account of the very small quantity of matte. Most works, 
however, tap into a bed of cast-iron or steel moulds ; this gives 
much cleaner matte and a smaller quantity to be re-handled, 
besides being much more convenient when tlie furnace has to be 
tapped once a day or oftener. 

Gomposition of Matte and Slag. — Both matte and slag produced 
at Argo vary considerably in composition. The ore charge is, 
however, usually so compounded as to contain about 3 per cent. 
of copper, the resulting matte when concentrated 16 to 1 running 
to about 45 per cent, copper, 400 ozs. silver, and 15 ozs. of gold 
per ton. The slag carries ^% or ^^ of copper, IJ ozs. silver, and 
under 1 dwt. gold per ton. The following table shows the com- 
position of the average slag and matte produced at Argo some 
time afo, the average composition of the ore charge at a later 
date being added for comparison. The latter, however, does not 
correspond with the slag analysis, as will be noticed ; this is 
because the material now treated is much more siliceous and 
barytic than formerly. Column 4 shows the approximate com- 
position of the slag which would be produced from the ore 
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charge in column 1 ; column 5 that of a slag exceptionally rich 
in zinc sometimes produced. 

TABLE XXV.— Argo Analyses. 





Ore charge. 


» Matte. 


Slags. 


References, 


1. 


2. 


3. 


4. 


5. 


SiOs, 


33-90 


0-65 


41-77 


45-2 


36-52 


BaSOi, . 


15-50 










BaO, 






6-89 


l'3'-6 




reO(MnO), 






32-25 


16-0 


35-14 


Fe, 


10-80 


17-67 








Al^Oa, 




5-60 




6-91 


'7-5 


i-29 


Cab, 




4-80 




3-27 


6-0 


3-57 


MgO, 




2-80 




1-26 


3-7 




ZnO, 




6-10 




5-80 


7-6 


20-08 


Zn, 






2-73 








CuO, 








6-23 






Cu, . 




2-50 


47-30 








PbO,. 








6-75 




i-50 


Pb, . 




i-oo 


8-07 








Ag, . . 




093 


1-38 








Au, . 




0-0059 


0-088 








S, . 




5-1 


21-58 








SO3, . 














0, . 




6-4 










CO,, . . 




6-7 








... 


Ag, ozs. per ton. 




99-468 


99-13 


99-6 


98-10 


.31 


450 


s 






Au, ,, ,, 


1-91 


28-75 


tr. 







References. — \. Peters, Modem Copper Smelting, 7th edition, 1895, p. 
446. 2 and 3. H. Pearce, Private communication, Oct. 20, 1896. 4. M. and 
M. J., Sept. 12, 1896. 5. Calculated. 

The composition of the slags, the analyses of which are given 
in Table XXIV., is as follows : — • 

Zinc Slag, Column 5. — This is almost exactly a sesquisilicate, 
its formula -working out as 

3[4RO . SSiOJ + CaO . SiO,. 

R being in this case f Fe and ^ Zn. 

* According to the author's information the average ore charge still con- 
tains more roasted pyrites than would be indicated by analysis 1, so that 
the slag actually produced is intermediate in composition between those 
•shown in columns 3 and 4. 
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Slag in Column 3. — This, which may perhaps be considered 
as the normal Argo slag, is rather more than a sesquisilicate, its 
oxygen ratio being as 1 : 1 -6, and its formula 

16[4RO . SSiOj] + TCAljOa . SSiOj]. 
Where R is |^ Fe, ^^ Zn, ^\ Ba, and ^"L Ca. 

Slag in Column 4. — This is nearly a bisilicate, its oxygen 
ratio working out as 1 : r83, or as 5 : 9, and its formula 

4[4R0 . SSiOj] + 17[R'0 . SiOj] + 4[Al203 . SSiOj]. 
R in the first term being y\- Zn, if Fe, and R' in the second 
term ■^Ba,^- Ca. 

Cost of Smelting. — The fuel consumption has been already 
given. The labour employed on the large furnaces at Argo per 
twelve-hour shift is one fireman per furnace, one skimmer per 
two furnaces, and one slagman and labourer for two furnaces. 
The nett cost for labour, not allowing for transport of ore and 
fuel, for repairing furnace or for handling slag is under 30 cents 
per ton, which is no more than it would be with blast furnaces. 

Comparison between Reverberatorles and Blast Furnaces. — The 
introductory remarks on the principles of reverberatory smelting 
will have already drawn attention to the chief reasons which 
should be taken into consideration in determining the type of 
furnace best suited to any particular set of conditions. With a 
large, well-arranged, modern plant, the cost of labour is pretty 
nearly equal in each case, and there is comparatively little 
difierence in tlie results, as the smaller bulk and higher grade 
of the matte turned out by the reverberatory is an oflfset to the 
poorer slag usually produced in the blast furnace. 

The comparative cost of reverberatory- compared with blast- 
furnace treatment practically resolves itself into a question of 
transport. In districts hundreds or thousands of miles away 
from a coalfield, and especially if at some distance from rail or 
water transport, it will usually be more economical to adopt the 
blast furnace with its small percentage consumption of highly 
concentrated fuel of somewhat high initial cost, whereas in 
colliery districts where small coal can be obtained at a very 
cheap rate the reverberatory possesses obvious advantages. 

As a rule, the more siliceous slags can be produced with less 
irregularity of working and more certainty in the reverberatory. 
On the other hand, however, the water-jacketed blast furnace 
requires scarcely any firebrick or other refractory material for 
repairs, while the reverberatory demands a steady supply of 
clay and of crushed quartz for fettling, besides a considerable 
number of firebricks for repairs. In certain inaccessible districts 
this greater simplicity of the blast furnace and its comparative 
independence of refractory material becomes a decisive factor of 
the highest importance. Any great scarcity of water for cooling 
at once turns the scale in favour of the reverberatory again. 
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Another most important difference between the two types of 
furnace which would often determine the choice of the blast 
furnace for inaccessible and out of the way localities is the char- 
acter of the labour required. With a water-jacket plant, even 
if comprising, say, two furnaces of a daily capacity of 100 tons 
or more each, only one man on each shift need be a really skilled 
smelter, the rest being merely labourers. For a reverberatory 
plant of the same capacity, however, to work with anything like 
economy and regularity, freedom from accidents and a reasonable 
cost for repairs, almost every man about the furnaces, including 
certainly firemen as well as skimmers, should be comparatively 
skilled men. An unskilled fireman may easily burn 50 per 
cent, more coal to no purpose, while the least want of care in 
maintaining the ring of fettling round the side walls or in firing 
on an unprotected bottom may result in ruining a fui-nace in a 
single shift ; none, therefore, but the most experienced and trust- 
worthy men obtainable should be employed on reverberatory 
smelting furnaces. It is this adaptability of the water-jacketed 
blast furnace to handling by unskilled and ignorant workmen 
which constitutes one of its greatest advantages, especially in 
out of the way places. 

Speiss Smelting in Keverberatories. — The use of speiss, 
instead of matte, as a vehicle for concentrating the precious 
metals in blast furnace work has been referred to in Chapter 
XIV. The only case known to the author in which the rever- 
beratory has been employed for smelting to speiss is that which 
will now be brieHy described : — * 

Speiss Smelting in the Transvaal.— Near Pretoria (S.A.E.) an 
ore, consisting chiefly of hydrous oxides of iron containing anti- 
mony (as antimoniate^), about 4 per cent, copper as carbonate, 
and averaging 35 to 40 ozs. silver per ton, was smelted direct in 
reverberatories to an antimonial speiss, a siliceous ferruginous 
and dolomitic limestone being used as flux in the proportion of 
I3J cwts. per ton of ore. 

The reverberatories were built with a system of firebrick 
channels between hearth and vault through which hot air was 
delivered under the grate as well as through the bridge and roof 
of the furnace. The coal was of poor quality, containing 18 to 
a possible 40 per cent, of ash. Closed ashpits and a steam blast 
under the grate were, therefore, adopted in order to cool the 
grate bars and prevent clinkering above. 

The steam blast for two furnaces was furnished by an 8 H.P. 
locomotive boiler consuming 800 lbs. coal per shift at 56s. per 
ton. The steam was delivered at 20 lbs. pressure through two 
jets y'^ in. diameter to each furnace, and produced, instead of 
the ordinary clinker, a friable ash, while, even with the worst 

^ Abridged from an article by Bettel in E. andM. J., July 18, 1891. 
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coal, the clinker, instead of being slaggy, was always rotten and 
friable. 

The usual rate of concentration with 35 ozs. ore was 16'4 tons 
ore (or 27-5 tons of charge) into 1 of product. With ore of this 
grade the recovery of silver averaged about 80 per cent. ; with 
ore of 40 ozs. as much as 9 1 per cent, entered the matte, 7^ per 
cent, going into the slag and the remainder volatilising. 

The following analyses give the composition respectively of 
the siliceous flux (the presence in which of anthracitic carbon 
may be noted as peculiar) and of the slag produced : — 

Flux. 



Insoluble, 


37-40 


SiOj, . . . 


27-05 


AljOs, . . . 


2-94 


FeO, . 


53-30 


MnO, 


tr. 


KejOs, . . . 


2-55 


FeCOs, 


9-57 


AljOs, . . . 


4-50 


MgCOs, . . . 


8-92 


MnO, . 


3-00 


CaCOs, . . . 


30-40 


PjOj and AsjOj, . 


0-265 


Water and volatile, 


5-77 


SbjOs and BiaOj, 


0-230 


Carbon (anthracitic) by 




CaO, . . . 


5-32 


difference, 


5-00 


MgO, . . . 


2-80 






PbO, . 


0-45 








100-00 


CujO, . 


0-45 






Ag, . . . 


0-005 






S, . . . 


0-05 



99-97 

The matte was subsequently " blown up" on another rever- 
beratory hearth furnished with a hot blast, to a crude argenti- 
ferous copper which was granulated, the slag from this operation 
containing 15 ozs. Ag, as well as 12 per cent, of the copper and 
10 per cent, of the antimony in the apeiss going back to the ore 
furnaces. Analyses of the speiss and of the shot copper are as 
follows : — 



Copper, 

Iron, 

Lead, 

Silver, . 

Antimony, 

Arsenic, 

Sulphur, 

Oxygen and loss. 



Speiss. 



Shot Copper. 



52-50 


93-55 


3-60 


... 


0-25 




1-59 


3-26 


38 00 


1-31 


2-00 


0-60 


206 


]• 1-28 


100-00 


100 00 



Silver, per ton of 2240 lbs. , 520 ozs. 



1065 ozs. 



20 
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CHAPTER XVII. 

TREATMENT OF ARGENTIFEROUS MATTES. 

The treatment of argentiferous mattes obtained direct from the 
ore furnace, either by lead smelting, ordinary matting, or pyritic 
methods, must be preceded by a process of concentration in 
order to eliminate some of the lead and iron, while producing 
a matte richer both in copper and in silver, and therefore easier 
to desilverise by most of the methods at present in vogue. 

The concentration process may occasionally take the form of 
a treatment by acid (as at Zalathna), but with ordinary mattes 
not too rich in copper it almost invariably consists of roasting 
to eliminate sulphur, followed by smelting with siliceous ores to 
slag away iron and reduce lead. 

Matte Coneentration for Mattes of 30 per cent, and 
under — Roasting. — The roasting and subsequent smelting of 
ordinary lead mattes has been dealt with in Part I., Chapter X., 
to which reference should be made for details. 

It will be borne in mind that by roasting lead mattes and 
re-smelting with siliceous ores containing lead only a portion of 
the silver contents of the matte passes into the lead bullion, 
another portion remaining obstinately combined with the copper 
in a " second," " concentrated," or " twice-run " matte which is 
much richer in copper than the first or ore matte, but still 
always contains 8 to 12 per cent, or more lead, together with 
a variable amount of silver which may be either more or less 
than that in the original ore matte according to the richness of 
the additions to the concentration charge. 

The roasting of mattes produced in other than lead furnaces 
presents no peculiarity whatever, and as regards their concen- 
tration the only difference to be noted is the absence of lead 
bullion among the products and the consequent concentration 
of silver in the resulting matte to a higher degree than is the 
case with lead mattes. 

In furnaces the atmosphere of which is largely oxidising, and 
which, therefore, utilise to a greater or less extent the sulphur 
and iron contents of the charge as fuel, the first matte is fre- 
quently concentrated to a considerable extent by simply return- 
ing to the furnace. This is done at Sunny Corner, also at 
Mount Lyell, Keswick, and other pyritic plants. When, however, 
the "reducing matting" process is employed, the matte must be 
more or less completely roasted before any part of the iron 
it contains can be eliminated by slagging, and before any con- 
centration can, therefore, take place. 
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When the matte is to be treated by a "pyritic" process, 
either alone or together with ore, it is, of course, charged in 
a lump form, and the form of blast furnace employed is that 
used for the pyritic smelting of ores. When, however, the 
matte has to be roasted before concentration, the latter operation 
can be conducted in blast furnaces only under the following 
conditions: — (1) Kilns or stalls must be used for the roasting 
operation, so that a large part of the product is still in lump 
form ; or (2) the roasted matte must be "bricked" before smelt- 
ing and a considerable proportion of rich ore in lump form 
used with it. 

Where reverberatories or mechanical furnaces have been used 
for roasting and where it is expensive or inconvenient to form 
the fine roasted matte into coherent bricks before smelting, 
a reverberatory furnace may be with great advantage used for 
the smelting process, as is now done at Mansfeld and at several 
English works. The reverberatories used for this purpose at 
Argo have been described in the last chapter. 

Direct Process. — At the Burry Port Smelting Works (S. Wales) 
James* has found it possible to apply his "direct" process to 
the concentration of argentiferous mattes, and even of those rich 
in lead, as well as to the copper mattes for which it was invented. 
In this process a portion of the matte is roasted, and then added 
to a second unroasted portion and melted down in a reverber- 
atory furnace, sufficient siliceous ore being added to combine 
with the lead. The classical reaction, Cu.,S + 2CuO = 40u -i- SO.,, 
then takes place, and a very rich white or pimple metal or a 
rough copper may be produced at will by varying the propor- 
tions of raw and roasted matte. 

One of the most important advantages of the direct process 
lies in the fact that the reaction between sulphide and oxide 
takes place so much more rapidly than in any other method 
for the elimination of sulphur (i.e., Swansea "roasting" or 
bessemerisation) that the loss of silver and copper by the com- 
bined agencies of " boiling " and true volatilisation usually so 
considerable at this stage is practically nil. James indeed 
claims that there is no volatilisation of silver during the ordi- 
nary calcination of argentiferous mattes rich in lead, but most 
metallurgists will probably require more complete proofs than 
those brought forward before allowing that there is no volatilis- 
ation loss during the dead roasting of an ordinary leadworks 
matte. It is, however, certain that even in presence of PbS 
the volatilisation of silver is quite small up to the point at 
which AgjS begins to be decomposed, and therefore the total 
loss in both stages of the " direct " process has thus far proved 
to be a negligible quantity. 

* Tranx. Inst. Miii, Met., voL v., p. 37. 
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Blast Furnace Concentration. — If it is preferred to use blast 
furnaces for concentration, the matte must be more or less 
perfectly bricked and can then be smelted, together with an 
equal proportion of coarse material (rich ore and slag), in. any 
form of blast furnace employed for reducing matting, but it is 
necessary to employ a light blast and to provide ample flue and 
chamber space to settle out the rather large amount of fine 
matte-dust which will inevitably be blown over. A very con- 
siderable expansion of the walls of the furnace towards the feed- 
floor is advantageous in all such cases in order to diminish, as far 
as possible, the velocity of the effluent gases. By the adoption of 
suitable settlers or forehearths it is possible to produce, together 
with copper mattes of almost any tenor in silver, slags sufii- 
ciently poor to be thrown away. Unless, however, a considerable 
addition of siliceous ore is made, the slags produced will be more 
basic than monosilicate, and hence they sometimes form very 
desirable additions to the charge in the original ore smelting, 
especially when the ores are deficient in iron. 

Treatment of Mattes with upwards of 40 per cent. 
Copper. — When the concentrated matte contains upwards of 
40 per cent, copper, its further treatment mHy be undertaken 
in two difiierent ways according to the respective values of its- 
copper and its precious metal contents, to the presence or 
absence of lead and other volatile metals, and to various local 
conditions. 

When large quantities of concentrated matte are produced, 
containing 40 to 50 per cent, copper and not more than 1 or \^ 
ozs. Ag for each percentage of copper present, while virtually 
free from lead, antimony, ikc, it is advisable to treat it as a 
copper matte pure and simple, converting it into rough or 
blister copper either by the process of bessemerisation (Manhes 
process) where labour and luel are dear, or, where both are 
cheap, by the Swansea so-called " roasting process." The silver 
contents of the resulting rough copper are afterwards extracted, 
usually by electrolysis, though one of the other methods described 
in the next chapter may be adopted where suitable. 

Bessemerisation of Copper Mattes. — This subject properly 
belongs to the metallurgy of copper, and works on that subject 
should be consulted for details.* It will be sufficient to mention 
here that mattes of 40 to 50 per cent., first melted in cupolas 
and then run into the converters in chai'ges of from 2500 to 
20,000 lbs., are blown with a blast which varies in pressure from 
5J to 16 lbs. per square inch, according to the interior form of 
the converter and the height of the column of molten material. 

The blowing is conducted in two stages. In the first stage 

* V. Peters, Metallurgy of Copper, 7th edition, pp. 528-575 ; also Min. 
Ind. N.Y., vol. i., pp. 151-162; vol. iii., pp. 223-2.31; and Hixon, Notes 
on Lead and Copper Smeltintj. « 
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the matte of whatever grade (over 50 per cent, being preferred) 
has its iron completely oxidised, and becomes concentrated to 
" white " or " pimple " metal with 75 to 80 per cent, copper. 
The converter is turned down and the slag skimmed off, after 
which the converter is turned up again, a little cold matte added, 
and the second stage of sulphur oxidation commences. 

The final result is a blister copper of 98 to 99 per cent. Cu, 
which carries practically all the gold and almost all the silver of 
the original matte. Considerable quantities of both silver and 
copper are volatilised and carried away as fine dust, at least 3 
per cent, of the latter and 5 per cent, of the former with mattes 
of moderate richness. With a good arrangement of flues and 
dust chambers, the actual loss of copper may be reduced to from 
1 to 1| per cent., and that of silver to 2 to 2 J per cent., provided 
the matte is practically free from volatile metals. The flue-dust 
caught is usually small in amount but it is always very rich. 

As a rule, however, the provision of settling chambers is 
wholly inadequate, and the losses are in reality much higher, 
though seldom ascertained exactly owing partly to the difiiculty 
of making accurate "clean-ups" without stopping the regular 
work, and partly to the loose system of bookkeeping frequently 
adopted. In working up a lot of about 450 tons of matte con- 
taining 52-5 per cent. Cu, 72-8 ozs. Ag, and 6 dwts. Au per ton, 
which was kept separate and cleaned up closely on account of 
containing 2-2 per cent, of bismuth, the loss of copper was found 
to be 2-9 per cent, and that of silver 5'6 per cent.* 

In presence of considerable quantities of volatile metals the 
loss is almost incredible, thus a second matte from lead smelting 
works, containing 40 per cent, copper and from 10 to 15 per 
cent, lead, when concentrated to blister copper in this way, will 
lose as much as 33 to 50 per cent, of its silver contents as oxidef 
— part of which might, no doubt, be recovered by filtering the 
efiluent gases were the quantity of these not so great as to 
render them inconvenient to handle. It is evident, therefore, 
that the bessemerisiug process is only suitable to the treatment 
of argentiferous mattes when they are practically free from lead 
and other volatile metals. 

Details of the Bessemerising Process. — At the works of the 
Anaconda'\. Company (near Butte, Mont.), now, as regards 
amount, the second producer of silver in the world, the whole of 
the valuable metals in the ore are concentrated into a matte 
which contains on an average 56| per cent, copper, 71 ozs. silver, 
and 4 dwts. gold per ton. 

This matte is blown up in a row of eleven Bessemer converters, 
each measuring 10 feet high and 6 feet in outside diameter, 
worked by hydraulic power, the charge with a new lining being 

* Mineral Induxtry, vol. ili. , p. 230. 

t Peters, op. cit., p. 569. J Private notes, 1897. . 
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7000 lbs. increasing to 17,000 lbs. as the lining wears away. 
The blast pressure is 13 lbs. per square inch, delivered from six 
tuyeres. Each blow usually lasts in all l^ to 2 hours, of which 
the blowing-up to white metal, or " slagging," stage takes forty 
to forty-five minutes, and the blowing to blister, or "making 
copper," forty-five to fifty-five minutes, twenty to thirty minutes 
being taken up by running in the molten charge, skimming oflf 
the slag and pouring. Three converters usually form a set or 
battery, and each set works off about thirty-two blows in the 
twenty-four hours, the average daily production being thus about 
60 to 70 tons of blister copper, containing 98 "1 per cent. Cu, 
123 ozs. Ag, and 7 dwts. Au per ton. 

Each set of three converter stands is provided with seven 
converter bodies, or shells, of which three are in use at any 
given time, while two are drying, one is being re-lined, and the 
seventh is cooling off. The lining usually lasts for nine blows, 
after which it is so corroded as to endanger the burning of the 
shell, and must be partially repaired, though a complete new 
lining is only required for each shell about once in seven weeks on 
an average. The lining is composed of quartz as pure as possible, 
crushed to pass a |^ trommel, and then mixed, coarse and fine 
together, with any available clay as plastic as possible but not 
necessarily at all refractory, the proportions being from two to 
four shovelfuls of clay to each wheelbarrow of crushed quartz. 
The mixture is made in an ordinary mortar mill, using as little 
water as pos-ible. For the bottom the mixture is about s.ix 
parts of quartz to one of clay tamped as dry as possible ; for the 
mouth, re-crushed old lining is chiefly used mixed with one- 
sixth more clay, wetted, and made up into balls. The drying is 
usually done by means of a wood fire and a light blast, but in a 
very large plaut a blast of hot air is more convenient. 

The corrosion of the lining is necessarily great, for the whole 
of the iron which is oxidised requires silica in order to lorm slag. 
Many attempts have been made to diminish this corrosion by 
blowing in sand together with the blast or by throwing sand or 
finely-gi-ound siliceous ore on its surface. Such added silica, 
however, rises at once to the suriace of the bath, and there 
becomes aggregated into almost infusible lumps which float about 
in the slag and destroy its fluidity without efl'ecting much saving 
of the lining. When magnesite bricks were tried as lining the 
difficulty of supplying silica became even more pronounced, 
while other troubles were experienced, including " scaling " of 
the bricks themselves and overheating of the converter shells 
owing to the comparatively high heat-conductivity of magnesia. 
Practically, therefore, it is better to put up with a normal cor- 
rosion of lining than to attempt to reduce it by any of the 
methods commonly employed in other kinds of smelting opera- 
tions. 
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After running in the molten matte from the re-melting cupola 
(Parrot and Anaconda) or from the ladle (Great Falls), the blast 
mnst be turned on full before the converter is turned up in 
order to prevent clogging of the tuyeres. A high pressure of 
blast (over 11 lbs. per sq. in.) is with ordinary shaped converters 
much more easily managed and requires less clearing of the 
tuyeres, though it gives rise to greater losses by projection and 
volatilisation. • 

As the iron becomes slagged, the flame, at first dense and 
accompanied by white smoke clouds composed of oxides of the 
volatile metals, shortens, and turns, first green and then pale 
blue, showing that practically all the iron has been slagged ofi". 
The converter is then turned down, the blast turned nearly ofi^ 
and the slag skimmed into slags-pots, after which any scraps, 
chips, and floor sweepings are thrown in, together with a few 
lumps of cold matte (Parrot) or a few shovelsful of siliceous ore 
(Anaconda).* The blast is turned on, the converter turned up 
again, and the second stage of blowing continued until the flame 
turns from blue through rose to brownish-red, and until the 
small globules projected by the blast, instead of glowing and 
attaching themselves to the hood wall, appear to cool instan- 
taneously and rebound sharply. 

The copper is poured either into cast-iron moulds or, as at 
Anaconda, into copper moulds with cast-iron bottoms, made on 
the works, casting being done by tilting the converter gradually 
over a row of moulds on a truck, which is run back under the 
converter as the moulds are filled. It may also, as at Great Falls, 
be poured into ladles and cast direct into anode plates. A very 
ingenious gas-fired cylindrical tilting furnace together with a 
small hydraulic ladle-crane are used at Anaconda for taking the 
molten copper from the ladle, keeping it at the right temperature 
and casting the anode plates continuously. 

Converter Slags, Jcc. — The converter slags are naturally always 
rich enough for re-smelting. At Anaconda they vary from 0'7 
up to 5 '3 per cent. Cu, averaging about 2 per cent, copper and 
1^ ozs. silver per ton. They are taken up to the feed-floor in the 
original slag-pots and re-smelted in the ore furnace while still 
red hot, forming a useful flux, since they contain about 36 per 
cent. SiOj, with over 50 per cent. FeO and hardly any CaO or 
AI2O3. 

At Cheat Falls the converter slag, skimmed into a ladle, is 
conveyed by an electric crane to the large ore-tilting reverber- 

* It is a remarkable fact that the noses which commence to form on the 
tuyeres as soon as the iron is nearly all oxidised are melted off in a few 
moments by either of these additions. It is not easy to see the modun 
operandi of either, but the fact remains that either a couple of cwt. of cold 
matte or 75 to 100 lbs. of siliceous ore will rapidly melt off noses which 
otherwise would soon choke up the blast altogether and lead to freezing-up 
of the charge. 
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atories already referred to, and is poured upon the charge there 
just before skimming, by which means its copper contents ave 
reduced so low that it can be poured off and discarded, together 
with the ore slag proper. The flue-dust is bricked and returned 
to the ore furnaces. 

Cost of Bessemerisaiion. — The exact cost at each individual 
works is jealously guarded, but according to Peters * the average 
cost at Butte (Montana), the principal centre of the process, per 
ton of 2240 lbs., is as follows: — Labour, 12s. lOd. ; power, 7s.; 
reiTielting cupola, 6s. 6Jd. ; supplies, 5s. l^^d. ; repairs, iSec, 
5s. lOd. — total, 37s. 4d., in which estimate nothing is allowed 
either for interest or depreciation, the latter of which is a con- 
siderable item. 

Where water power is available for producing the blast and 
the matte is taken from the ore blast furnaces direct to the 
converters without re-smelting, the total cost does not exceed 
28s. per ton of 2240 lbs. 

Concentration by Roasting and Smelting. — Where labour 
and fuel are both cheap it may be just as economical to convert 
matte into blister by this process as by bessemerisation, while 
the expenditure for plant is less and the loss of silver almost 
nil instead of being very considerable (for instance, 21 to 3 per 
cent, as a minimum). 

Since, however, the cost of silver extraction from blister 
copper is higher than from white metal or other rich matte, it 
is usually advantageous to stop the simultaneous concentration 
of silver and copper at the white metal stage, or even lower in 
the case of impure mattes containing much lead ; to extract the 
silver by the Ziervogel or by one of the special processes subse- 
quently to be described, and then to extract the copper from 
the residue either by reducing it to metal (Mansfeld) or by con- 
verting it into sulphate (Freiberg). 

At Mansfeld J the ore matte (with 40 per cent. Cu and 70 ozs. 
Ag per ton) is roasted in kilns from 25 per cent, sulphur down 
to about 10 per cent., and, together with 5 to 7 per cent, of un- 
roasted matte and slags from a previous operation, is smelted in 
a small Swansea reverberatory blister furnace to white metal 
and a small quantity of copper bottoms. During 1889, 41,400 
tons of roasted matte yielded 51 per cent, by weight of concen- 
trated matte with 75 per cent. Cu and 144 ozs. Ag per ton, 
and f per cent, by weight of bottoms with 96 per cent. Cu and 
306 ozs. Ag per ton. Each charge consists of 2 to 2f tons of 
roasted matte together with 1 to 2 cwt. of quartz sand. It is 
charged, spread, and fired hard for three to three and a-half 
hours before the first rabbling. Firing and rabbling is repeated 
till it rises off the bottom, when, after a final heating, the furnace 
is tapped out, by means of a movable spout, over a few shallow 
* Op. cit., p. 569. tEgleston, S.M.Q., vol. xii., p. 199. 



TRKATMENT OP ARGENTIFEROUS MATTES. 313 

pots to catch the bottoms, the matte running on and solidifying 
quickly in a thin sheet on cast-iron plates — an arrangement 
employed to prevent separation of metallic silver on slow cooling. 
As soon as the slag appears the stream is turned into a series of 
settling pots. On an average each charge takes six hours to 
work off, the quantity treated by each furnace averaging from 

8 to 9 tons per day with a fuel consumption of 9 per cent. coal. 
Each ton of matte yields about 10^ cwts. of slag with 9^ per cent, 
copper as shots and combined. 

The concentrated matte is then roasted and desilverised by 
the Ziervoyel process,* the residues containing 8 to 13 ozs. silver 
being re-roasted and submitted to the process a second time, 
which brings down their silver contents to 5 or 6 ozs. per ton. 

At Freiberg the ore matte containing 24 to 30 per cent. Cu, 
5 to 8 per cent. Pb, and 25 to 50 ozs. Ag per ton is concentrated 
by similar methods up to 69 to 74 per cent. Cu, 3 to 7 per cent. 
Pb, and 75 to 190 ozs. Ag per ton, its subsequent treatment 
being by the Freiberg sulphuric acid process. 

Extraction of Silver from Mattes. — The treatment of 
concentrated argentiferous copper mattes, when it is desired to 
extract the silver direct without first producing blister copper, 
may be carried out in various wavs, as follows : — 

Methods suitable only to Rich White Metals fairly free from 
Impurities. 

(1) Tlie Ziervogel process. 

(2) The Freiberg sulphuric acid process. 

Methods applicable to Impure Mattes Rich in Lead. 

(a) {Dry processes.) 

(3) Stirring tvith lead in a molten condition, or " sweating '' 

on a lead bath. 

(b) (Wet processes.) 

(4) The Zalathna acid process {for iron mattes only). 

(5) Tim Hunt-Douglas process. 

1. The Ziervogel process itself has been already described in 
Chapter X., to which reference should be made for details. 

Treatment of Residues from the Ziervogel Process. — At Mansfeldi 
the final residues, after being twice submitted to the process, 
contain 75 per cent. Cu (as CuO), 5 or 6 ozs. Ag per ton, and 
practically no traces of gold. They are dried, mixed with about 

9 per cent, of fine coal and then smelted direct to refined copper 
in a refining furnace of more or less English pattern, without 
any intermediate production of blister. The total charge is 10 
tons, of which, however, only 8 tons are added at first, the 
remainder following after five hours. Melting down takes nine 
to ten hours, and drawing the slag one hour more. Oxidation 

* See chap. a. t Egleston, S.M.Q., vol. xii., p. 208. 
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of the residual sulphur, iron, and zinc takes five to six hours, 
and the various " polings " three or three and a-half hours, while 
ladling the " tough pitch " copper takes from two to two and 
a-half hours. In all, allowing for charging and fettling the 
furnace, one ore charge can be worked off per twenty-four hours. 
The resulting refined copper contains 99| per cent. Cu and 0'25 
per cent. Ni with traces of Fe, Pb, and Ag. 

At the Argo Works* the matte treated by the Ziervogel pro- 
cess is very much richer in silver than at Mansfeld, containing, 
indeed, on an average, 700 ozs. as already stated. The residues, 
besides containing about 45 ozs. Ag per ton, contain over 60 per 
cent. Cu (as OuO) and about 10 ozs. of gold per ton. They are 
re-smelted, together with rich siliceous and pyritous gold-bearing 
ores low in silver, and yield a " residue metal" which contains 
65 per cent, copper, about 90 ozs. silver, and 10 to 15 ozs. gold 
per ton, the slag being clean enough to throw away. 

The separation of gold from this matte is effected by the old 
Welsh " bottoms " or "best-selecting " process, the pigs of matte 
being piled on the hearth of a reverberatory furnace and gradu- 
ally roasted down so as to obtain a certain proportion of the 
copper (in practice about one-fifteenth) in the metallic condition. 
The charge of matte is 12 tons, and the roasting period takes 
about seven hours, almost all of which is taken up in oxidising 
the iron of the matte, very little copper being oxidised. At the 
end of this period the air openings are closed and the heat raised 
so as to thoroughly liquefy the charge, a reaction then taking 
place between copper oxide and unaltered sulphide by which 
metallic copper is formed and falls to the bottom of the charge, 
carrying with it practically all the gold together with Pb, Bi, 
As, and other foreign metals. The "bottoms" thus obtained 
average 60 per cent. Cu, over 30 per cent. Pb, and from 100 to 
200 ozs. Au and 300 ozs. Ag per ton. They are treated by a 
" secr<it process " further referred to below. 

The '■ finished matte " which remains above the bottoms in 
the foregoing process contains 77 per cent. Cu, 90 to 100 ozs. 
Ag, and from 2 to 4 dwts. Au per ton ; it is again treated by 
the Ziervogel process, but in a separate set of furnaces, to avoid 
mixture with the ordinary gold-bearing matte. The residue 
from the second Ziervogel treatment contains less than 11 ozs. 
Ag per ton, and impurities, such as lead, arsenic, <fec., having 
been retnoved in the copper bottoms, consists of practically pure 
OuO. It is not treated further at the works, but finds a ready 
market with the petroleum refiners, portions not thus used 
being shipped east to bluestone works or reduced with slack coal 
to refined copper, according to the condition of the market for 
bluestone. 

* Private notes; see also Pearce, Trans. A.I.M.E., vol. xviii., pp. 460, 
et seq. 
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Extraction of Gold from the Bottoms. — The treatment of the 
copper bottoms at Argo is conducted by a " secret process," 
which, however, probably consists first in melting and granu- 
lation, followed by scorification, either with pyrites (Gilpin 
County concentrates) by which means most of the copper is 
"matted" leaving ihe precious metals in a greatly enriched 
" bottom," or else by slow oxidation to form oxide of copper, 
which is then slagged away by successive additions of litharge, 
leaving nothing but a rich gold-silver alloy. In all probability 
the process as worked at Argo comprises both operations, the 
bulk of the copper being scorified away with i)yrites, while the 
rich alloy is then oxidised, and scorification finished with the 
aid of litharge and powdered quartz to form a lead slag, which 
carries away the last remains of copper and other base metals, 
leaving the gold and silver on the hearth. 

The slags and matte produced during scorification with pyrites 
would be simply returned to the " pimple-metal " furnace and 
re-worked with the regular charge. The litharge slag ])roduced 
is glassy and red like copper-refining slag, and is sold to the lead 
smelters for its lead, silver, and copper contents. 

The following analyses of the copper bottoms and of the slag 
produced by their scorification with litharge are by Trippel.* 



Copp 


sr Bottoms. 


Litharge Slag. 


Cu, 




92 '56 


SiO.„ . . . 14-48 


Ag, 




101 


Pbd, 




60-91 


Au, . 




2-93 


Cu„0, 
FeO, 




11-53 


Bi, 




1-14 




6-08 


Sb, 




0-57 


Al^Og, 




4-97 


As, . 




0-12 


MgO, 




0-14 


Fe, Pb, Zn, 


ia., 


1 67 


CaO, 

Sb.,03, 




trace 
trace 










100-00 


Ag, 




undet. 


Ag per ton, 


330 ozs. 




98 11 


Au per ton, 


. 


1045 ozs. 









The " bottoms " now produced at Argo are much richer in lead 
and poorer in gold than would be indicated by the above 
analysis. 

2. The Freiberg Sulphuric Acid Process.! — This process de- 
pends upon the formation of copper sulphate by dissolving the 
sweet-roasted matte in sulphuric acid. Iron would interfere 
with the crystallisation besides using up acid to no purpose, 
therefore it is an essential condition of the process that the 
matte shall be concentrated to a 70 to 72 ppr cent, white metal. 
Further concentration {e.g., to pimple metal) is, however, not 
advantageous, owing to the formation of metallic copper, and a 

* E. and M. J., June 23, 1888. 

i Schnabel, Havdhuch der Metallhiiitenhmde, vol. i., p. 624. 
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small percentage of lead does not interfere with the subsequent 
process. 

The white metal, concentrated by several roastings and smelt- 
ings, as already described, contains 70 or 74 per cent. Cu, 3 to 
7 per cent. Pb, 0-3 to 0-4 per cent. Ag, 0-2 per cent. Fe, 0-3 per 
cent. Co and Ni, 0'5 to 1 per cent. Sb and As, and 14 to 19 
per cent. S. It is dead roasted in small reverberatory furnaces, 
the charge of 1 ton remaining in the furnace for sixteen 
hours; it is afterwards passed through a sieve to separate 
any imperfectly roasted portions, which are re-crushed and 
returned. 

Solution takes place in cylinders of hard lead, provided with 
stopcocks at the bottom and measuring about 4 feet 6 inches in 
diameter by 4 feet high. Into each of these is charged 4 cwts 
of chamber acid (50° B.), together with an equal quantity of 
water, and steam is then introduced to heat the mixture. 
When boiling, the calculated quantity of roasted and sifted 
white inetal (now almost entirely reduced to oxide) is intro- 
duced in quantities of 100 to 150 kilos, at a time and well 
stirred with a wooden paddle. More water or mother-liquor 
from the crystallisation tanks is added from time to time to 
keep the copper sulphate in solution. When the acid is 
nearly all neutralised (which takes five hours) the mixture is 
allowed to stand for one hour to settle out the silver slime, 
and the supernatant liquoi- then syphoned off with a leaden 
syphon into crystallising vessels. The first crystals enclose 
some silver precipitate and are re-dissolved, run through a filter 
of granulated copper in another hard lead cylinder to separate 
any silver in solution, and re-crystallised on leaden strips as 
usual. Any bluestone containing as much as 0'35 per cent. 
Fe is re-dissolved and re-crystallised. 

The mother-liquors are used over and over again till they 
become too rich in iron, when the still remaining copper is preci- 
pitated with scrap-iron. 

The silver slime contains from 1 to 2 per cent. Ag, 5 to 11 
per cent. Ou, and about 40 per cent. Pb. It is purified by 
washing with steam and dilute sulphuric acid, filtered and dried, 
and then smelted with silver ores to rich work-lead. 

Matte for the Freiberg process must be more free from iron 
than for the Ziervogel process, in which 10 per cent. Fe is no 
disadvantage, but it may contain relatively considerable quan- 
tities of Pb, As, Sb, iSic, none of which interfere to any extent 
when present to the amount of a few per cent., though they 
would be fatal to clean work in the Ziervogel process. Where 
sulphuric acid can be obtained cheaply and there is a good 
market for the co()per sulphate, the process is, therefore, some- 
times more suitable than the Ziervogel, especially as the per- 
centage extraction of silver is much higher. 
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3. Melting and Stirring with Lead This very old process is 

still in use in a few Continental localities. 

At Gawrilow (Altai) * the barytic matte described in Chapter 
XV., containing 6 per cent. Cu and 45 to 55 ozs. Ag per ton,t 
is melted down in a small hearth of brasque by means of coal 
fuel and a blast. When completely melted the slag is skimmed 
off and the surface of the bath covered with .sticks of charcoal, 
upon which small bars of lead are placed. The lead gradually 
melts and drops through the matte bath, absorbing in its progress 
the greater part of its silver contents. When the lead has all 
melted down, a green pole is thrust to the bottom of the bath 
and held there for three minutes, the vigorous evolution of gases- 
ensuring a thorough mixing. The bath is then allowed to 
stand a few minutes, and the lead tapped out from the bottom. 
The process is repeated three successive times with similar 
additions of lead, by which the silver contents of the matte 
are reduced to from 8 to 1 2 ozs. per ton. Only the first tap of 
lead which contains about 115 ozs. Ag per ton is cupelled, the 
subsequent additions being used over again for the next charge 
of matte. The loss of silver by volatilisation and dusting is 
said to be 6 per cent, of the total present in the matte, the loss 
of lead being sixteen times that of the silver. 

At Kongsberg (Norway) { a similar process was formerly in 
use for concentrated matte, but the lead was added direct to 
the tap-pit of the concentrating blast furnace after skimming off 
the slags. Six cwts. of lead were used for each ton of matte, 
and thoroughly stirred in with an iron paddle. Although the 
lead was by this means enriched to 5 per cent, silver the matte 
was very incompletely desilverised, still containing 240 to 300 
ozs. per ton. Its further desilverisation was carried out by 
smelting with litharge and other refinery products. In spite of 
the imperfection of the direct desilverisation with lead it was 
found advantageous under the conditions formerly prevailing at 
Kongsberg, since in the small rude blast furnaces then employed 
the loss of silver in slags and by volatilisation was very high, 
and directly in proportion to the richness of the material treated. 

It is worth noting that the proportion of silver which can be 
extracted from matte by means of lead is greater the higher the 
temperature and vice versd. When too cold the matte will even 
re-absorb a portion of silver from rich lead. On the other hand, 
a high temperature means high volatilisation loss. 

Tlie Crooke Process.^ — This is based upon the process already 
described, with the important difference that it is carried on in 

Schnabel, op. cit., p. 494. 

Analysis of this matte will be found in Table xxii. , p. 275. 
X !'. Percy, Metallurgy of Silver and Gold, p. 510. 

§ Hofmann, Met. of Lead, p. 267 ; Douglas, Journ. Soc. Arts, Aug. 30, 
1895. 
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larger furnaces, that the matte is not melted but remains in a 
granular condition, and that the subsequent treatment of the 
desilverised residue is carried out on more modern lines. 

The process was until recently in use at the works of the 
Pueblo Smelting and Refining Co. (Pueblo, Colo.). The matte 
was coarsely crushed and spread over a bath of metallic lead 
kept at a red heat ; after a short time nearly all the gold 
and about three-fourths of the silver present were lound to 
have been sweated out and absorbed by the lead bath. The 
matte absorbs some lead and the lead some copper ; the amount 
of the latter, however, can be kept low by introducing bars of 
iron, which are fastened across the furnace at the bottom of the 
lead bath. 

Four reverberatory furnaces similar to softening furnaces, and 
holding 25 tons each, were employed in this process, arranged in 
terrace form so that the lead from one can be tapped into the 
next below. The matte was introduced first into the lowest 
furnace containing the richest lead, on the surface of which it 
was stirred about for three-quarters of an hour, after which it was 
skimmed off and passed successively over each of the others, 
so that its silver contents were nearly extracted by the time 
it reached the uppermost bath of nearly pure lead. Each charge 
of matte weighed 3000 lbs., and took about six hours passing 
through the series of four furnaces ; the total quantity treated 
per day was about 25 tons, allowing for time lost in charging, 
transferring, and discharging the lead. 

The enriched lead tapped from the lowest furnace contained 
from 2 to 3 per cent, copper with a little arsenic and antimony. 
It was softened and desilverised as usual. 

In this process the matte, which often carries under 1 oz. Ag 
per ton, is desilverised by four distinct operations in as many 
separate furnaces. 

(a) The granular lead-bearing matte is roasted in a reverbera- 
tory calciner to oxidise the iron and reduce its sulphur contents 
down to about 13 per cent. 

(b) It is then oxidised with thorough rabbling in another 
reverberatory, having a tuyere on each side of the bridge, the 
temperature being kept below the melting point of copper. The 
oxide formed by the blast reacts on residual sulphide, reducing 
copper to the metallic condition as "moss copper," while some 
lead, arsenic, and antimony are volatilised, part, however, 
remaining as oxide. 

(c) The charge is transferred to a blister furnace and there 
melted down, the first slags, containing lead, arsenic, and anti- 
mony, being drawn separately and used for antimony metal 
smelting, while those formed subsequently contain much copper 
and go back to the matte concentrating furnace. 

(d) The blister copper, containing 99 per cent, of metal, tapped 
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into moulds from the preceding furnace, is re-melted, refined, 
and poled in the usual way. 

4. The Zalathna Acid Process (for iron mattes only). — At 
Zalathna (Transylvania)* an iron luatte containing about 12 ozs. 
silver and 4^ to .5 ozs. gold per ton t is ground in a Ball mill and 
then treated in lead-lined vats with chamber sulphuric acid, the 
charge for each vat being 8 cwts. of matte and 31 cwts. of acid. 
The mixture is stirred by rotary paddles, and solution requires 
thirty-six hours. The sulphuric acid is obtained from the 
roasting of the pyritic ores in shelf furnaces preparatory to their 
fusion, 1'3 tons of chamber acid being obtained from each ton of 
ore, nearly all of which is used in the works. The HjS given 
o£f from the vats is conducted to towers, where it is mixed with 
SOg from the pyrites burners, and free sulphur is precipitated 
(Schaffner and Helbig process). The fine precipitated sulphur 
is melted by steam under pressure and cast in moulds, the quan- 
tity recovered being about 4|^ cwts. per ton of matte treated in 
the works. The sulphur being very pure is converted into 
carbon bisulphide, CSj, for more advantageous sale. 

The sulphate liquors are crystallised, and the green vitriol 
sold, its weight equalling that of the matte dissolved. 

The insoluble residue is about 10 per cent, by weight of the 
matte treated, or 3 '33 per cent, of the weight of the original ore. 
It contains Fe 19 per cent., Pb 16 per cent., Cu 7'4 per cent., 
Ag 0'36 per cent., Au 0"15 per cent., and S 22-2 per cent. It is 
not washed in any way, but with the adhering ferrous sulphate 
liquor is allowed to dry in the air for four or five days, and 
smelted together with rich roasted pyritic and lead ores, giving 
a rich lead bullion and a copper matte. The latter is sold to 
copper smelters ; the former is cupelled in a Grerman hearth 
yielding dor6 bullion 334 fine in gold and 664 in silver, which 
is parted in the Mint at Kremnitz. 

This process is only economically practicable when a supply of 
cheap sulphuric acid is available and when there is a market for 
green vitriol. In the vast majority of cases it is much more 
advantageous to concentrate the matte by roasting and smelting 
in the usual way, working up the concentrated matte by such of 
the processes already described as may be best suited to the 
composition of the matte and to the local conditions. 

5. The Hunt-Douglas Process. J; — This process was until very 
recently in use at the Argentine works of the Con. Kan. City S. 
and E. Co. for treating direct the twice-run lead fui nace matte 
containing 25 to 30 per cent. Cu, not over 15 per cent. Pb, and 
not over 300 ozs. Ag per ton. The operations are as follows : — 

* Farbaky, Berg- und Hiittenmannische Zeiiung, 1894, p. 177. 
t For composition of this matte v. chap. xv. , p. 275. 
J V. Hofmann, op. cit., p. 269 ; Mineral Industry, vol. ii., 1893, p. 295 ; 
Douglas, Joum. Soc. Arts, No. 2232, Aug. 30, 1895. 
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(a) The finely pulverised matte is roasted slowly at a low 
temperature so as to produce as much copper sulphate as possible 
without forming silver sulphate, the roasted matte still containing 
8 to 10 per cent, sulphur, mostly as sulphate. It is then leached 
out with dilute sulphuric acid (10 per cent. HjSO^); the residues, 
containing all the lead, iron, silver, and gold of the original 
matte together with a portion of the copper, being returned to 
the blast furnace. 

(b) The copper sulphate liquors, after filtering, are run into 
chloridising vats, where they are treated with calcium chloride 
solution from a previous operation in quantity more than 
sufficient to form CujClj with the whole of the copper present. 
Calcium sulphate is formed by the double decomposition, and is 
allowed to settle out, dried, and burned for plaster of Paris — 

CuSOi + CaClj = CuCla + CaSOi. 

(c) The cupric chloride liquors, now containing 6 to 8 per 
cent, of copper pass to " reducers " or closed wooden vats, through 
which sulphurous acid gas is pumped by a bronze force-pump. 
The gas is generated by burning pyrites in a Douglas " central 
flue " cylinder calciner with carefully regulated supply of air, and 
washed in a coke tower before being pumped through the vat. 
Three hours passage of strong gas is sufficient to reduce the 
copper contents of the solution to about 1| per cent., a heavy 
precipitate of CujClj settling out. It is impossible, however, to 
get anything like complete precipitation, because cuprous chloride 
is slightly soluble in sulphuric acid and still more so in hydro- 
chloric acid, both of which are set free by the reaction as shown 
by the equation : — 

2CuCl2 + SO.^ + 2H2O = CujClo + 2HC1 + HoSO^. 

The acid molten liquor is freed from SOg by blowing liot air 
through it, after which it is used again together with more sul- 
phuric acid as the solvent for a fresh charge of matte, by which 
any iron present and oxidised by the air current is again re- 
duced. Zinc, nickel, and other metals, as well as iron, gradually 
accumulate in the solution, which has to be purified at intervals 
by concentration and crystallisation. 

(d) The precipitated cuprous chloride is reduced by milk of 
lime in so-called " converters " to cuprous oxide, regenerating 
calcium chloride for use in the " chloridisers." The cuprous 
oxide is pumped into filter-presses and there washed, the cakes 
being dried and smelted direct in a refining furnace to ingots of 
high quality. 
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CHAPTER XVIII. 
SILVER-COPPER SMELTING AND REFINING. 

Reference has been already made (Introductory to Section IV.) 
to the fact that some ores of the precious metals may be concen- 
trated by smelting processes, using instead of the familiar lead 
bullion or matte, speisa or metallic copper as vehicles for concen- 
tration. 

Silver- Copper Smelting — Limitation of the Method.— The 
use of metallic copper is confined to ores comparatively free 
from sulphur, arsenic, and lead, since the first would give rise 
to the production of matte, the second to that of speiss, while 
the third would yield alloys of copper and lead, which are 
subject to very heavy deductions at the refining works. 

It is but rarely that silver ores practically free from lead and 
from sulphides of the heavy metals are found in the neighbour- 
hood of ferruginous oxidised ores of copper. Such cases do 
occur, however, particularly in parts of Mexico and S. America, 
and in these cases smelting to argentiferous black copper is at 
once indicated as the cheapest and most direct method of bring- 
ing the metallic constituents of the ores into a portable and 
marketable form. Unfortunately, however, the scope of the 
process is still further limited by the scarcity of fuel in many of 
the very localities where it would otherwise be the ideal process 
of ore treatment. 

Plant Employed* — The plant is identical with that employed 
in Arizona for smelting the non-argentiferous carbonate of copper 
ores, once so common in various parts of that territory, to pig- 
copper. The furnaces are completely water-jacketed, the jackets 
being usually of wrought iron or mild steel, though sometimes 
the inner skin is of thick sheet copper. They always have an 
interior " sump " for the separation ot the fused products, because 
the comparatively high fusing point of metallic copper and its 
low specific heat cause it to chill much too rapidly to admit of 
the employment of exterior forehearths. 

Some suitable form of " settler " or overflow pot is, however, 
provided for the collection of small globules of matte or metal 
carried over by the slag stream, and the addition in this settler 
of thin sheet scrap-iron (as first practised by the author) affords 
an opportunity of saving some of the combined copper and silver 
in the slag. 

' V, the author's paper in Proc. Inst. Civ. Eng., vol. cxii., p. 148. 

21 
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It is usual to support the whole of the furnace upon cast-iron 
base-plates resting on short corner columns, the bottom of the 
interior crucible being formed of one or more pairs of drop-doors 
with a thin brick or brasque lining. 

Figs. 73 and 74* show in section and elevation the small 36-inch 
circular water-jacketed pig-copper furnace. A is the jacket of 







_£ t- 



Figs. 73 and 74. — Pig-copper Furnace. 

mild steel plate and B its downward continuation, a mere boiler 
plate brick-lined shell resting on the base-plate, C. At D is 
shown the windbox forming a circle round the furnace and 
giving access to the six tuyeres, E, opposite each of which is 
a mica- or glass-covered peep hole. F is the sheet-iron hood, 
* Proc. Imt. Civ. Eng., vol. cxii., plate ii. 
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G the charging hole, H H the drop doors, and J the water- 
circulating pipes in the jackets ; K is the slag spout, and at 
L'^is the copper taphole provided with its spout. 

Another form of furnace, much to be preferred for working 
on a large scale, is that already described and shown in 
Fig. 68.* 

Mode of Working. — Small charges must be employed in order 
to secure powerful reduction ; as a rule, charges of not more 
than 40 to 50 lbs. per square foot are best. With small furnaces 
it is of great importance that the charge should not contain any 
large proportion of fines or of lumps larger than a man's fist. It 
is also important to keep the bottom hot by walling up the open 
space between the foundation columns, preventing the circula- 
tion of air and so diminishing the loss of heat by radiation. 

The degree of concentration, which is in practice convenient 
in this method, varies according to the richness of the ores from 
about 10 to 20 of ore into 1 of product. The higher of these 
ratios is about the extreme practical limit, for the quantity of 
product is then so small that it chills readily and gives a good 
deal of trouble in keeping the bottom hot. Taking, for example, 
the small 36-inch round furnace, even with a coarse fusible 
charge it will rarely be possible to put through more than 
40 tons per day ; and with charges containing, on an average, 
25 per cent, of fines, 25 to 30 tons is about the limit. At 30 tons 
per day, and with a concentration of 20 tons into 1, the total 
weight of product would be only 30 cwts. per day, or about 
1|^ cwts. per hour, which is barely enough to keep the bottom in 
reasonably good condition. 

The copper is tapped about every hour into cast-iron (or cast- 
steel) moulds on wheels, a potful or two of slag being allowed to 
follow the copper through the same taphole in order to assist 
in keeping the bottom hot. With the same object in view the 
pigs of copper are sometimes returned to the furnace in order to 
keep a considerable quantity always in the crucible, but this prac- 
tice has the drawback of exposing the precious metal contained 
in the ore to a double loss by volatilisation if not by slagging. 
As a rule, it is best to tap the furnace for pig-copper regularly 
every hour, and only return scraps detached in cleaning-up and 
from the settlers and mis-shapen pigs. In any case, to keep the 
tapping breast and bottom of a black-copper furnace in proper 
condition requires much more care and attention on the part of 
the furnace foreman than in the case of matte, the specific heat 
■of which is so much higher. 

Slags, dsc. — As regards slag composition almost any proportion 
of silica may be run, varying from 25 up to over 50 per cent. 
With the higher proportions, however, the loss of copper is 
much increased, owing to the formation of silicates from which 

* Chap. xiv. 
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the metal, in the absence of sulphur to combine with it, cannot 
be reduced with any reasonable consumption of fuel. 

As a matter of practical convenience sesquisilicate slags with 
about 40 per cent. SiO, give about the best results. The general 
formula of such slags may be written ; — 

a;{2FeO . SiOj) + y{Ca,0 . SiOj) + 2(Al203 . 3SiOo) 

where the ratio —may vary between J and f and — ■- — may be 

from -^^ or less up to ^. 

When the ores are very siliceous a bisilicate may be run ; thus 
the slag run by the author on one occasion for thirty-one days 
continuously when flux ores were scarce (Column 3, Table 
XXIII.) possessed the following composition : — 

8(FeO . SiOj) + 4(CaO . SiO^) + AlA . SSiOj, 

and ran fairly well, though very sticky and containing more 
combined copper than usual. 

Aluminate slags may also be run as described by Henrich. * 

Costs, Losses, ofcc. — The percentage rate of extraction in this 
process is at least as great as by any other process on poor ores. 
Thus, in the case described in Table XXIII., 91-7 per cent, of 
the silver was actually extracted from a mixture of ores con- 
taining only 7-^ ozs., and 91 '3 per cent, of another mixture 
containing 13'3 ozs., the rate of concentration being about 18 ta 
1. During another month's run on low grade copper ores alone, 
with a degree of concentration of 35 to 1, the extraction of silver 
was 88 per cent, of the total. 

The loss of copper in slags, though certainly no greater than 
that of lead in lead smelting with siliceous ores, is of more 
importance owing to the greater intrinsic value of the former 
metal ; on the other hand, there is practically no loss by vola- 
tilisation. The absolute loss of copper — viz., 1^ to If per cent. 
— is much greater than the loss of that metal in matte smelting, 
and, owing to the absence of all reducing effect of sulphur, by far 
the larger part of the copper lost in slags exists in a combined 
state as silicate. 

The cost of smelting on a copper basis is not materially greater 
than on a matte basis. As with every other kind of smelting, 
the cost will depend chiefly upon local circumstances, the prices 
of coke and of fluxes, and upon the capacity of the furnace plant, 
small furnaces being much more expensive to run than those of 
larger size. Some figures of cost under different circumstances 
are given in Table XXVII. 

One of the disadvantages of the silver-copper smelting process 
is the way in which small quantities of im])urities in the ores 
become concentrated in the product. This is shown by the 

* E. and M, J„ Dec. 27, 1890. 
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following partial analyses from Torreon, A being the product of 
tliH run detailed in column 1 (Table XXIII.), while B and C 
correspond respectively with columns 2 and 3 of the same Table, 
a, id D is an analysis of black copper from Oker added for ihe 
sake of comparison. 

TABLE XXVI. — Analyses op Argentiferous Coppehs. 





A 


B 


C 


D 


Copper, .... 


95-7 


86-68 


96-5 


92-636 


Iron, 


0-33 


0-35 


0-38 


0-157 


Lead, .... 


\ I 


3-06 




0-337 


Bismuth, . 

Zinc, .... 


> undet. < 


0-64 
0-27 




0-464 


Nickel and Cobalt, . 


) ( 


trace 




0-245 


Silver 


0-36 


0-73 


6-30 


0-405 


Antimony, 


trace 


trace 




2-950 


Arsenic 


1-12 


3-29 




2-154 


Sulphur, .... 


0-25 


1-75 


6-31 




Inaoluble, Oxygen, &o., . 


undet. 


undet. 






97-76 


96-77 


97-49 


99-348 



References. — A, B, and C. Author. D. Min. Ind., vol. iv., 1895, p. 14. 

The impurity of the resulting product, as soon as any very 
large quantity of silver ores containing considerable traces of 
lead and arsenic is smelted, is shown in analysis B ; this is one 
ot the principal drawbacks to the process, since impure copper of 
that description is subject to heavy refinery deductions. 



TABLE XXVII.^SiLVER-coppER Smelting at Torreon, 

Mexico. 



Normal Work. 



Siliceous 
Slag. 



Proportion of silver ores (siliceous), . 

Dimensions of furnace at tuyeres, 
Height tuyere line to feed-floor, 
Material of jackets, .... 
No. and diameter of tuyeres. 
Total area of tuyeres, . sq. ins. , 
Sectional area at tuyeres, . sq. ft. , 
Tuyere ratio, 

Tonnage put through, 24 hours, 
Average hearth eflSciency, . 
Average tuyere efficiency, . . 
Average blast pressure, 
Concentration, tons into 1, 



Small, 



No 



Consider- 
able. 

36-in. diameter circular. 

7 ft. 6 ins. 

wrought-iron. 

six of 3 ins. diameter. 

42-42 

7-07 

0-600 



40-5 
5-73 
0-955 

8 ozs. 

17-8 



28-0 
3-96 
0-66 
10 ozs. 

17-9 



40-4 
5-71 
951 
11 ozs. 
35 
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TABLE XXVU.— Continued. 





Normal Work. 


Siliceous 
Slag. 


Composition of charge : — 








1st class copper ore (siliceous), 


100 lbs. 


55 lbs. 




2nd class copper ore (ferruginous), 


350 „ 


100 „ 


415"lb8. 


Silver ores (siliceous), . 


25 „ 


80 „ 




Limestone flux, .... 




30 „ 




Foul slag, 

Total charge, . 


50" „ 


25 „ 


25' „ 


525 lbs. 


290 lbs. 


440 lbs. 


Weight of coke to above charge, lbs.. 


90 


55 


70 


Percentage of fuel employed, . 


17-1 


19 


15-9 


No. of above charges in 24 hours. 


173 


215 


206 


Ore smelted, tons per 24 hours, . 


36-7 


22-6 


38-4 


Composition of ore charge : — 








Cu, .... per cent., 


6-77 


5-83 


5-06 


Ag, . . per ton of 2240 lbs.. 


7 '5 ozs. 


13-3 ozs. 


3-25 ozs. 


Product per 24 hours : — 








Argentiferous black copper, . lbs. , 


4611 


2814 


2196 


Argentiferous white metal, . ,, 


206 


342 


573 


Composition of copper : — 








Cu, .... per cent.. 


95-7 


86-7 


96-5 


Ag, . . per ton of 2240 lbs.. 


118 ozs. 


239 ozs. 


99-7 ozs. 


Au, . . „ 


1 1 dwts. 


17 d-srts. 


13 dwts. 


Composition of white metal : — 








Cu, . . . per cent.. 


77 


76 


76 


Ag, . . per ton of 2240 lbs.. 


56 ozs. 


186 ozs. 


42-5 ozs. 


Composition of slag ; — 








SiOj 


39-41 


40-80 


50-05 


FeO, 


36-14 


28-50 


29-75 


AI2O3, 


4-26 


5-10 


5-25 


CaO 


17-24 


20-95 


11-00 


MgO, 


0-21 


0-36 


0-70 


CU2O, 


1-88 


1-64 


2-08 


S, Pb, Zn, Alkalies, 

Total, .... 


0-86 


2-65 


0-80 


100-00 


100-00 


100 00 


Silver per ton of slag. 


15 dwts. 


loz 7 dwts. 


10 dwts. 


Eecovery of copper, . . per cent.. 


82-3 


81-2 


60-5 


Recovery of silver, . . ,, 


91-7 


91-3 


88 


Cost of smelting per ton of charge, . 


£1 8i 


£16 9 




Cost of smelting per ton of ore : — 








Labour, including getting flux. 


£0 .5 74 


£0 10 4 




Superintendence and assaying. 


2 8j 


5 54 


Same 


Supplies, oil, light, tools, and repairs, 


1 24 


2 3 


as 


Boiler fuel, coal, and wood, . 


1 64 


2 5 


column 1. 


Coke at £3, 7s. per ton, delivered. 
Total per ton of 2240 lbs., 


11 4| 


12 84 




£12 6 


£1 13 2 
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Treatment of Argentiferous Copper. — There are two 
methods of treating argentiferous copper, in both of which the 
copper is, in the first instance, separated as a solution of copper 
sulphate, while the silver remains with gold and other undissolved 
metals as a slime or mud. The Okerr solution method is cheap and 
simple, yielding its product in the usually readily saleable form 
of bluestone, and requires no specially skilled superintendence, 
but it can only be carried out where a supply of cheap sulphuric 
acid is available. 

The electrolytic method now in such general use requires a large 
and expensive plant and much skilled superintendence, besides 
cheap fuel or other source of power, but it has the great advan- 
tage of turning out nearly the whole of the copper present as 
"conductivity " metal, fetching the highest price in the market. 

The Oker Sulphuric Acid Process.* — The argentiferous 
black copper, containing 92 to 95 per cent. Cu,t produced at 
Oker by smelting roasted copper matte in small reverberatory 
furnaces, is first purified from Fe, Ni, Co, and S by an oxidising 
smelting in small reverberatories with sand bottoms holding 
about 3| tons, the process lasting about twelve hours. Besides 
a slag which is returned to the ore-smelting furnaces, the 
product is a fair blister copper of about 98 per cent. Cu, which 
is tapped direct into water in order to granulate it. The granu- 
lations are then placed in lead-lined vessels and alternately 
treated with hot dilute sulphuric acid and exposed to the air, by 
which means the copper oxidises, and is dissolved together with 
traces of Fe, Ni, and Co, leaving Pb, Ag, and other metals 
undissolved in the residue. The reaction which takes place may 
be written — 

2Cu + 20 + 2H2SO4 = 2CUSO4 -t- 2HjO. 

The plant is simple. A lead-lined solution storage tank contains 
chamber sulphuric acid, which is diluted with mother liquor to 
about 30° B., and kept at a temperature of about 70° C. by means 
of a steain-coil of leaden pipe. Below the storage tank is a row 
of lead-lined dissolving tubs about 5 feet 3 inches high and 2 feet 
9 inches diameter, provided with slats, upon which rest large 
irregular-shaped pieces of copper forming a rough filter bottom. 
Upon these pieces of copper about a ton of granulations is 
charged, forming a layer about 3 feet 6 inches deep. 

The process is carried on as follows : — The granulated copper 
in one of the vats having been moistened with hot acid by means 
of a leaden syphon with stop^cock, oxidation at once sets in and 
the surface of the copper is converted into sulphate, the sUver 
remaining on the surlace of each granide as a grey slime. The 
copper being exposed to the influence of air during a-half to 

* See Schnabel, Handhuch der Metcdlhuttenkunde, voL i., p. 619. 
t See analysis D in Table xxvi. 
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three-quarters of an hour uses up all the acid moistening its sur- 
face, when the stream of acid is again turned on for five minutes 
to dissolve the copper sulphate formed, while at the same time 
washing off the silver slime. These operations alternate con- 
tinuously, and as the granulations dissolve away more are added 
at the top of the tub so as to keep the layer always of about 
the same thickness. 

The opening at the bottom of the tub is 8 inches square, and 
discharges the solution into a series of serpentine lead-lined 
troughs with an inclined draining platform between. In these 
troughs the solution cools and, having deposited most of its 
dissolved copper sulphate together with the argentiferous slime, 
thence passes into a sump, from which it is again raised to the 
storage tank where more sulphuric acid is added to fit it for use 
over again. The length of the depositing trough for six dis- 
solving tubs at Oker is about 350 feet. 

As the crystals of bluestone collect in this trough they are 
shovelled out and thrown upon the inclined platform to drain. 
Those deposited at the top end is the richest in silver slime, while 
the deposit at the lower end contains much arseniate aud anti- 
moniate of lead as well as gypsum. The separation of these 
slimes from the bluestone is carried out in thick leaden boiling 
pans, 11 feet 6 inches long by 10 feet 6 inches wide by 21 inches 
deep, supported on cast-iron girders and heated by means of 
flues underneath. Mother liquors diluted with water down to 
18° or 19° B. are used for the solution, and they are heated to 
about 70° C, sufficient crude crystals only being added to bring 
up the specific gravity to 28° B., with the object of obtaining fine 
large crystals on cooling. Dissolving takes about one hour and 
settling out the silver slime from six to eight hours more, after 
which the solution is run through a filter composed of finely- 
granulated copper in order to precipitate any silver sulphate 
and retain any slime carried over. The clear solution is then 
allowed to crystallise in lead-lined wooden boxes about 6 feet by 
5 feet 6 inches by 3 feet 8 inches deep, each of which holds the 
charge of a boiling pan. The crystals deposit upon the sides 
of the box and upon the leaden strips hung from the top during 
about eight or twelve days, while the mother liquor is used over 
again till it contains too much iron for that purpose, when the 
remaining copper is precipitated on scrap iron. 

The silver mud is washed on a filter and dried ; it con- 
tains from 12 to 15 per cent, silver. It is smelted together 
with zinc-crusts from the Parkes process, silver slime from the 
electrolytic copper works, and litharge, to a rich work-lead for 
cupellation. 

Each 100 kilos, of granulated copper produces 380 kilos, of 
bluestone, and requires 160 kilos, of chamber sulphuric acid at 
50° B. 



SILVER-COPPER SMELTING AND REFINING. 329 

At Altenau the same process is in use. During 1888, 209 
tons of granulated copper were dissolved in 488 tons of sul- 
phuric acid (50° B.), producing 862 tons of bluestone and 85-5 
tons of silver slime, the consumption of coal for heating, pumping 
solutions, and drying being 763 tons. 

Where the price of copper sulphate is high, owing to local 
demand ; and where sulphuric acid can be had cheaply, this pro- 
cess offers many advantages, and can even compete successfully 
with the electrolytic process for small establishments. But 
owing to the recent improvements made in the electrolytic pro- 
cess, there are few localities in which it is not |)referable, even 
for works of only moderate size, and it is much more suitable for 
the treatment of blister copper of good quality (99 per cent, and 
over), produced by the bessemerising (Manhes) or so-called 
" converter " process. 

Electrolytic Copper ReflnlDg. — The electrolytic refining process 
is now a very important part of the metallurgy of copper, and 
is described at length in works on that subject.* The impure 
rough or blister copper is cast in the form of plates f to 1 inch 
thick and weighing 200 to 250 lbs., which are arranged as 
anodes, either in " series " or, as is now more common, in 
" multiple arc " in lead-lined tanks, copper sulphate solution 
acidified with sulphuric acid being the electrolyte which is 
circulated through the tanks, and thin sheets of electrolytic 
copper the cathodes. The copper deposited on the cathodes is 
removed from time to time, melted, slightly oxidised, brought 
to pitch by " poling," and cast into ingots. 

The currents used are about 3 to 10 amperes per square foot 
of cathode surface, and the best result attained in practice is 
about 95 or 96 per cent, of the theoretical efficiency, so that 
a current of about 8-15 amperes per square foot of cathode 
deposits ^ lb. of copper per square foot per' twenty-four hours. 
This rate of deposition, however, is only possible with fairly 
pure anodes, the presence of bismuth, antimony, and arsenic 
in any quantity requiring a slower rate of current, say only 
3 amperes per square foot, in order to produce a good conduc- 
tivity copper, and consuming much more energy. Thus, with 
anodes of 99 per cent. Cu, 1 H.P. hour will produce 2-4 lbs. of 
copper, whereas with 95 per cent. Cu only one-half the quantity 
of electrolytic copper results from the consumption of the same 
amount of energy. 

The voltage will depend upon the number of tanks and the 
way in which they are arranged, but it is usually reckoned that 
each tank containing, say, sixty plates requires an E.M.F. of 
about 12 volts between the terminals. 

* Reference should be made to Peters, Modem Copper Smelting, 7th 
edition, 1895, pp. 576-606; also to the monographs in Mineral Industry, 
vol. L, p. 163; vol. 11., p. 273; vol. iii., p. 185; vol. v., p. 227. 



330 



THE METALLURGY OP SILVER. 



Metals Present in the Copper. — Impurities in the copper pass 
either into solution or into the slime which falls to the bottom 
of the tanks. Silver and gold are both found almost completely 
in the slime and in the metallic condition, the deposited copper 
from even 100-oz. anodes containing under 1 oz. per ton. Lecbd 
also enters the slime partly as sulphate, partly as arseniate. 
Bismuth and antimony are both converted into basic oxy- 
sulphates, tin into a stannate of arsenic or antimony, while 
arsenic, which also passes into the slime, is found partly as an 
acid combined with lead, and partly as a base combined with tin. 

Neither bismuth, antimony, nor arsenic, however, is com- 
pletely eliminated from anode copper by electrolysis, for they 
accumulate in the solution and impair the purity of the deposited 
metal. Thus, according to Keller,* in the case of comparatively 
pure copper with only small percentages of these elements the 
following proportions were found in the residues : — 





No. 1. 


No. 2. 


Percentage 

in Original 

Anodes. 


Percentage 

ol Total lound 

in Residues. 


Percentage 

in Original 

Anodes. 


Percentage 
of Total found 
in Residues. 


Bismuth, 
Antimony, . 
Arsenic, 


•0320 
•0651 
•0586 


78 ^22 
6M4 
22^90 


•0035 
•0510 
■0180 


60-71 
29-90 
37-84 



Both bismuth and antimony can be partly eliminated from 
the electrolyte, and therefore from the subsequently deposited 
copper, by oxidising in the storage tank with jets of air, while 
the elimination of arsenic is assisted by melting a small quantity 
of tin with the anode during casting.! Iron in the anodes all 
passes into the solution, from which it must be removed at 
intervals, either by crystallisation of bluestone and running the 
mother liquor over scrap iron ; by precipitating the whole of 
the copper by passing the current from lead anodes ; or, as at 
Anaconda, by blowing air through it and filtering between each 
circulation. This has the advantage of removing practically the 
whole of the objectionable metals as well as iron, or at least of 
preventing their accumulation. 

Anaconda Refinery. X — The new refinery at Anaconda, with 
a present capacity of about 120 tons and a maximum of about 
200 tons per day, consists of six " systems," each of two hundred 

* Joum. Ainer. Chem. Soc, 1897, vol. xix., No. 10. 
t Lead would probably serve the same purpose, 
t E. and M. J., Sept. 19, 1896. 
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lead-lined tanks 2'50 metres long, 1'50 metres wide, and I'OO 
metre deep, arranged in rows of ten, each row forming a unit 
with separate supply of electrolyte, while each "system" has 
its own separate current generator of the Westinghouse type 
furnishing '270 kilowatts and absorbing about 462 H.P. The 
conductors are solid bars of copper along the sides of the tanks, 
and iron bars stretching across these serve as supports for the 
anodes as well as to transmit current, the anodes and cathodes 
being suspended from them by means of copper hooks. Electric 
overhead cranes lift the full charge of cathodes from each tank 
at once and load it on small trucks, the trains of trucks being 
drawn away by an electric locomotive, while the remnants of 
the anodes are removed in the same way. Fresh charges of 
anodes and of cathode plates are handled in the same way by 
electric power, so saving much costly labour, which at 12s. 6d. 
per day must be economised wherever possible. The blister 
copper treated averages 98 per cent, conductivity, 1^ per cent, 
elongation, and 64,000 to 65,000 lbs. per square inch tensile 
strength. The treatment of the silver slimes will be described 
subsequently. 

In a new plant lately erected, which is not yet in full work, 
Thofehrn appears to have successfully solved the problem so 
long attacked with only partial success by Elmore and others — 
viz., that of the production of bars for wire or plates for rolling 
direct from the cathode without the expensive and unsatisfac- 
tory preliminary melting. The cathode is a cylinder 8 feet long 
by 3 feet diameter, and the dense finely fiibrous grain of the 
deposited copper is produced by forcing a multitude of jets of 
clean electrolyte under pressure against the surface of the 
revolving cylinder, the density of the current being 10 to 20 
amperes per square foot. When any required thickness of ^ to 
1 inch has been deposited upon the cylinder, this is made to 
expand by means of hydraulic jacks so as to stretch the cover- 
ing, which is then slid off, slit up, rolled out flat, and either 
rolled down into sheets or slit up into bars for wire by means of 
a circular saw. The bars produced in this way have a con- 
ductivity of 100 per cent., elongation 2 per cent., and tensile 
strength 75,000 lbs. per square inch. The total cost of refining 
to bars for wire by this process is claimed to be £3, 14s. 8d. per 
ton of 2240 lbs. 

Cost of Electrolytic Refining. — The cost of refinina: under ex- 
ceptionally favourable circumstances may fall to £2, 10s. per 
ton,* but will average something like £4, 2s. f — these figures 
both referring to the American ton of 2000 lbs. Peters gives % 
two estimates, from which it appears that in a large plant turning 

* Thofehrn, Mineral Ivdustry, vol. ii. , p. 283. 

t Ulke, op. cit., vol. iii., p. 199. 

X Modem Copper Smelting, 7th edition, p. 581. 



332 



THE METALLURGY OP SILVER. 



out 30,000 ]bs. of cathode copper daily the average cost, working 
in multiple arc, will be about £3, 3s., and in series about £3, 10s. 
per ton of 2000 lbs. (say, £3, 10s. and £4 respectively per English 
ton). At Anaconda the cost is said to be only £2, 18s. 4d. per 
short ton, or £3, 9s. 6d. per ton of 2240 lbs., of which £1, 5s. 8d. 
is for fuel. Limitations of space forbid further discussion of the 
subject, lor which the student is referred to the special literature 
bearing upon it. 

Treatment of Argentiferous Slimes. — Slimes from the electro- 
lytic pi'ocess vary greatly in composition according to that of the 
blister or rough copper submitted to the yirocess. The propor- 
tion of silver is usually from 40 to .55 per cent., gold from 0-2 to 
1-3 per cent., and copper 10 to 20 per cent., the remainder being 
scraps of metallic copper, copper oxide, and sulphide, sulphates 
of lead, bismuth and tin, iree sulphur, basic arseniates and 
antimoniates of iron and lead, and other compounds of arsenic, 
antimony, selenium, and tellurium, besides occasionally traces of 
platinum and other rare metals. The following analyses show 
the composition of slimes from Butte, Montana, No. 1 being 
from reverberatory blister, and No. 2 blister produced by the 
converter process : — * 





No. 1. 


No. 2. 


Silver, . 


53-894 


55-l;-.0 


Gold, 






2959 


0-198 


Copper, . 






11010 


13-820 


Lead, 






0-910 


2 070 


Bismuth, . 






3 930 


0-340 


Antimony, 






6 250 


2-440 


Arsenic, . 






2-107 


1-090 


Selenium, 






0-394 


0-718 


Tellurium, 






1-174 


0-892 


Iron, 








0-800 


SOi, 






5-268 


10-680 


Combined water, 




2-365 


2-604 



The slimes are usually placed on a 16-mesh screen and washed 
through with some of the electrolyte in order to separate the 
larger fragments of undissolved metallic copper which remain 
upon the screen and are returned for melting to the anode 
furnace, while the muddy solution is settled in tanks to be 
afterwards again washed with water and drained out in a tank 
with filter bottom. 

Besides smelting with litharge to rich work-lead and copper 
matte (and speiss), a process which is now nearly obsolete, four 
principal methods for treating these slimes may be described : — 
* Ed. Keller, Joum. Amer. Chem. Soc, vol. xix., 1897, No. 10. 
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(1) Direct treatment with concentrated sulphuric acid; (2) the 
Cabell-Whitehead process; (3) Thofehm's new process; and 
(4) direct treatment with sulphuric acid and air. 

(1) Direct TreattnemU with Concentrated Sulphuric Add. — This 
process is like the Dewey-Walter process for treating lixiviation 
sulphides, already described in Chapter XIII. The presence, 
however, of a large quantity of free metallic copper in the mud 
gives rise to a great production of SOj which is practically lost, 
so that the method is expensive and is now practically obsolete. 

(2) The Cabell- Whitehead Process* — In this process, used at 
the Baltimore S. and R. Company's Works, dilute sulphuric 
acid and silver sulphate are boiled with the slime, by which 
means the metallic copper present is dissolved, precipitating an 
equivalent proportion of silver. The residue after thorough 
washing is melted and cast into bars. 

(3) Thofehrris New Process.^ — This process is particularly 
suited to the treatment of very base slimes containing 25 per 
cent. Cu or upwards and only 1 to 6 per cent. Ag. The slimes 
are melted to get rid of lead, arsenic, and everything but copper 
and silver in a small reverberatory with hearth of magnesia 
brick, producing a complex slag and a rich pimple metal with 
80 per cent, copper and 15 per cent, silver, which is cast direct 
into plates and electrolysed in special vats, using, however, the 
same current and electrolyte as in the ordinary process. The 
copper produced is of fair though not of high quality, and the 
resulting very rich slimes can be treated with concentrated 
sulphuric acid. 

(4) The Direct Sulphuric A cid-and- Air Process-X — This process 
is in use at the Anaconda Works. At these works over 
4,000,000 ozs. silver and 18,000 ozs. gold are turned out 
annually. § The silver mud is first screened through a fine sieve 
to take out as much of the scrap metallic copper as possible. It 
is then put into a lead-lined boiling tank, together with an equal 
weight of dilute H2S()^ (1 : 3), and a mixture of steam and air is 
forced through by means of a Korting injector, by which treat- 
ment the residual copper is completely dissolved out. When the 
parting plant is at work no addition of sulphuric acid is required, 
for the fumes from the parting kettle, containing HjSO^ and 
SOj, are blown through the tank ot slimes, to which in this case 
ordinary electrolyte is added instead of dilute acid. The re- 
actions which taie place are those of the Eossler converter,]] 
and generate sufficient heat to be independent of any extraneous 
source beyond the steam. 

* Mineral Jndvjitry, vol. ii, p. 281. ■^ Ibid. 

t Peters, op. cit., p. 60S ; also E. and M. J., Sept. 19, 1896. 
§ Only one company produces a larger amotmt, viz., the Broken Hill 
Proprietary Coy. of New South Wales. 
II See chap. xiii. 
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"When the copper is all dissolved the silver slimes are run 
through a filter, washed, dried, mixed with 20 per cent, of soda- 
ash and smelted to auriferous silver bullion 980 fine in a small 
reverberatory furnace. 

Although this process is the best hitherto invented, the losses 
in the smelting to bullion of a rich material containing much 
lead, arsenic, and antimony must necessarily be large. Barnett 
accordingly proposes* after dissolving all the copper to add 
sufficient acid to dissolve 75 per cent, of the silver, leach out 
and precipitate on metallic copper, and sweeten, wash, dry, and 
melt the cement silver as usual. The remaining slimes now 
contain only one-fourth of their original silver contents, and, 
therefore, in smelting to auriferous silver bullion, are exposed 
to only one-fourth of the percentage losses, while the bullion to 
be parted is only one-fourth as bulky and four times richer in 
gold, so that both the cost of parting and the loss of gold are 
much less than when the whole of the bullion has to be parted. 

The most recent Anaconda practice is as follows : — From the 
first boiling tank the silver mud is run on to a filter, where it is 
washed with hot water, and thence into a second boiling tank, 
where arsenic and antimony as well as the remaining copper are 
largely removed. After re-washing on a second filter it is dried 
in cast-iron pans, mixed with a little soda, and melted down 
with wood fuel as rapidly as possible in charges of 2 tons at a 
time on the reverberatory hearth, from which it is tapped into a 
train of moulds in front of the lurnace. The ingots are then 
parted with sulphuric acid as usual, and the product turned out 
as 1200 ozs. ingots, 999 fine. 

Parting of Dore {or Av/ri/eroua Silver) Bullion. — This subject 
may be with more propriety considered as belonging to the 
metallurgy of gold, and will accordingly be found described in 
works on that subject.t The student may be also referred to a 
very able recent article on parting plants by Ulke. J 

* Peters, op. cit., p. 695. 

+ V. , for example, Rose, Metallurgy of Oold in this series, pp. .349-377. 

X Mineral InduHtry, vol. iv., 1895, p. 34.3. 
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Page 22, line 26,_/br " Guanaceir " recul " Guanacevi." 

41, line 16, same substitution. 

41, heading of last par., /or "Gold amalgam" read "Copper 
amalgam." 

72, in the first member of 1st equation, /or "CugCl" read 

"Cu^Cl^." 
87, line 24, /or " Fig. 28 shows the Boss Combination pan " 

read " Fig. 29 shows the Combination pan.'' 

87, line 34, /or " stots " read " slots." 

88, description of figs., /or " Figs. 28 and 29, Boss Com- 
bination Pans" read " Fig. 28, Boss pan (left hand). 
Fig. 29, Combination pan (right hand)." 

94, description of Fig. 33, /or " Filter " read " Amalgam 
Strainer-safe." 

105, heading, column 10, /or " Black Line " read " Black 
Pine." 

127, line 4, /or "Labour, 113 shifts" read '^ 0113 shift." 

156, description of Fig. 53, /or " Oxland-Hocking Calciner" 
read " Howell-White furnace.'' 

172, line 8, /or " thiosulphite " read " thiosulphate." 

176, description. Fig. 56, /or " Precipitation tanks " read 
" Tanks for Augustin process." 

192, line 18, /or "practical" read "practised." 

194, line 19, /or "feet" read "foot." 

200, line 26, /or "CuCl^" read "CuOly" 

214, line 20, /or " stowes ' read " staves." 
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Page 219, description, Fig. 65,/or " Filter Press " read " Press- 
tank." 

„ 267, lines 13 and 14, for " Silicate of iron, trisilicate of 
alumina, and sesquisilicate of lime " read " bisilicates- 
of iron and alumina with trisilicate of lime." 

„ 272, line 9, /or " AsjSj " read " AssSg." 

„ 280, line 15, for " FeO, 2Si02 " read " FeO . SiOa-" 

,, 285, line 40, /or " twice blowing up " read " blowing up 
in two stages." 

„ 298, description of Fig. 72, ybr "Anaconda furnace" read 
" Plan of hot-air flues of Anaconda furnace." 

,, 299, line 33, /or " less than 2 per cent." read "not over 3- 
per cent." 

,, 302, Table XXV., the reference to Columns 4 and 5 should, 
be exchanged. 

„ 305, 1st line below analyses, /or " matte " read " speiss." 
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Amalgamation processes. Classifica- 
tion of, 30. 
Anaconda, Bessemerisation at, 309- 
311. 
„ Converter slags at, 311. 

,, Electrolytic copper re- 

fining at, 330. 
Cost of, 332. 
,, Heating air - supply of 

rever oeratories at, 298. 
, , Treatment of silver-slimes 
at 333. 
Andreasberg, Ores of, 24. 
Antimonial ores, Influence of, on 

amalgamation, 9u. 
Antimony inargentiferouscopper,330. 
Argentiferous copper — ■ 
Analyses of, 325. 

Treatment of, by the Oker sul- 
phuric acid process, 327. 
Treatment of, by the electrolytic 
process, 329. 
Argentiferous matte, see Matte. 
Argentiferous slimes — 
Analyses of, 332. 
Treatment of, :i33-5. 
Argentiferous speiss — 
Composition of, 273. 
Smelting to, 272. 
Treatment of, 275. 
Argentine, Hunt-Douglas process at, 

319. 
Argentite, 20. 
Argo Works — 
Composition of matte and slag pro- 
duced at, 301-2. 
Gold extraction at, 315. 
Handling products at, 301. 
Reverberatory smelting at, 300-3. 
Tr atment of Ziervogel residues 

at, 314. 
Ore-roasting at, 299. 
Ziervogel process at, 181. 
Arkansas Valley smelting works, 

Forehearths at, 259. 
Arrastras, Amalgamation in, 32, 41, 
42. 
,, Construction of, 30. 
„ Crushing in, 40. 
22 
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Arrastras, "de cuchara," 32, 41. 
,, Extraction of gold in, 41. 
,, Loss of mercury in, 42. 
Arsenic in argentiferous copper, 330. 
Arseijioal ores. Interference of, with 

amalgamation, 99. 
Aspen, Chloridisation on the cooling 
floor at, 149. 
„ Ores of, 24. 
„ Stetefeldt kilns at, 112. 
,, see also Holden Mill. 
Assaying of silver bullion, 146. 
Augustin process — 
of silver extraction, 13, 174. 
at Kapuik, 177. 
at Kosaka, 175. 
Cost of, 177. 

Refining of silver from, 176. 
Austin, 99. 
Autofogasta, see Playa Blanca. 



B 



Ball mills for crushing, 73. 

Barnett, 334. 

Barrel amalgamation — 

at Freiberc;, 117. 

KrOhnke process, 70. 

on the Comstook, 118. 
"Barring off" pyritic furnaces, 279. 
Barytic ores. Matting of, 266. 
Base bullion, refining on the Com- 
stook, 143. 
Base-metal leaching, 189, 233, 238. 

Precipitation after, 190. 

Proportion of silver extracted, 190. 

Rate of, 190. 

Volume of solution, 191. 
Batopilas, Amalgamation at, 32. 

,, Ores of, 26. 
Battery slimes, Richness of, 124, 
Berthier, 5. 

Bertrand Mill, Ores treated at, 173. 
„ ,, Patera prooessat, 224. 

Besseraerisation of argentiferous 
mattes, 308. 

at Anaconda, 309-11. 

Losses in, 309. 
Bettel, 274, 304. 
Bimetallic smelter, Pyritic smelting 

at, 286. 
Bismuth in argentiferous copper, 330. 
„ silver alloys, 3. 

,, ,, ores, 22. 

Black Pine, Mont. , Concentration at, 

132. 
Blanket-sluices, 128. 



Blast - furnace matting, see Matte- 
smelting in Mast furnaces. 
Blast-pressure in matting furnaces, 

26+. 
Blende, Richness of, in silver, 23. 
"Blowing-up" speiss to copper, 305. 
Blue Bird, Analyses of ores at, 173. 
,, Crushing and roasting at, 

212. 
„ Details of Russell process 
at, 226, 232-5. 
Bluestone, see Copper svlphate. 
Boss continuous pan process, 106. 
at Calico, 105, 108. 
atPachuca, 105, 110. 
at Standard Consolidated, 130. 
compared with ordinary process, 
110. 
„ ,, one-level system, 

108. 
Boss melting furnace, 142. 

,, pan, 9U. 
Bote, El, Arrastras at, 42. 

, , Chilian mills at, 38. 
Boulder, Cost of pyritic smelting at, 
292. 
,, Loss of precious metals at, 

285. 
,, Pyritic smelting at, 290-2. 
Broken Hill, Analysis of chloridised 
ore at, 233. 
,, Chilian mills at, 115. 

,, Howell-White furnaces 

at, 15S. 
„ Ores of, 27. 

,, Patera process at, 188, 

224, 232. 
, , Rate of leaching at, 190. 

„ Scorifioation of sul- 

phides at, 244. 
„ Strength of stock solu- 

tion at, 191. 
,, Volume of hypo, re- 

quired, 191. 
Bromide of silver, see Silver bromide. 
Bromyrite, 23. 
Briiokner cylinder furnaces, 153. 

Disadvantages of, 155. 
Bullion, Assaying of, 146. 

,, reining, see Refining. 
Bullionville, Nov., Russell process 

at, 231. 
Butte, Pan process at, 97. 

Reverberatory furnaces at, 

296. 
Roast-amalgamation at, 120. 
Silver - copper smelting at, 
295. 
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Cabell- Whitehead process, 333. 
Calcium hyposulphite — 

Formation of, 192. 

Use of, 186, 192, 196, 225. 
Calcium Sulphide — 

Advantages of, 197. 

Preparation of, 195. 
Calcite, Interference of, with hypo. 

lixiviation, 188. 
Calculation of charges for matting 

furnace, 263. 
Calico, Pan process at, 105. 
Candameiia, Loss of silver in tailings 
at, 200. 
,, Bismuth-silver ores at, 22. 
Capellina, Retorting amalgam in the, 

137, 138. 
Carbonate of soda, see Sodium car- 
bonate. 
Casapaloa, Peru, Ores of, 27. 
Caatillite, 22. 
Catorce, Ores of, 26. 
Cazo process — 

at Carizo, 65. 

at Potosi, 67. 

Construction of plant, 63. 

Cost of treatment, 66. 

Decomposition of argentite in, 65. 

Loss of mercury in, 66. 

Mode of working, 64. 

Percentage of extraction in, 66. 

Reactions of, 65-B. 
Cement silver. Treatment of — 

from Augustin process, 176. 

from refined sulphides, 247. 

from Ziervogel process, 185. 
Cement copper. Melting down of, 

176. 
Cerro Gordo, Patera process at, 188. 
Charcas, Ores of, 26. 

„ Patio treatment at, 57. 
Channel furnaces, 258. 
Charleston mills, see Tombstone. 
Chemicals used in the Pan process, 
92, 105. 

Consumption of, 104, 105, 125. 
Chemicals used in the Russell pro- 
cess, 205, 227. 
Chilian mills at Broken Hill, 115. 
„ at Pachuca, 38. 
,, in Peru, 37, 

,, of iron, 38. 

,, of stone, 36. 
Chili, Krohnke process in, 69. 

,, Patio process in, 62. 
Chloride of silver, see Silver chloride. 



Chloridisation, Influence of various 
substances on, 150. 
,, on the cooling floor, 

149. 
See also CMoridising-roasting. 
Chloridiaing-roasting, 147. 
at Broken Hill, 158, 165. 
at Caribou, 165. 
at Holden Mill (Aspen), 161, 183, 

165. 
at Huanohaca, 74. 
at Kosaka, 152, 164. 
at Mars'ac, 161, 163, 165. 
at Ontario, 161, 163. 
at Oruro, 74. 
at Playa Blanca, 152. 
at Potosi, 75. 

at San Fco. delOro, 151, 164, 165. 
at Sombrerete, 164. 
at Tombstone, 1 65. 
at Las Yedras, 151. 
Coat of, 164. 

Details of work done, 164. 
Furnaces employed for — 
Bruckner cylinders, 153. 
hand reverberatories, 151. 
gas-fired reverberatories, 152. 
Howell- White furnaces, 156. 
Stetefeldt, 159-163. 
Loss of silver by volatilisation — 
Diminution of, 170. 
Influence of time on, 168. 

,, of temperature, 168. 
,, of volatile elements, 
170. 
Percentage of salt required, 167. 
Preliminary — 
Drying and crushing, 147. 

of ores free from sulphur, 148. 
of sulphide ores, 148. 
Christy, 167. 
Church, 99. 
Clark, 148. 
Claudet process, 178. 

„ „ at Oker, 179. 

Clean-up pan, 93, 94. 
Clemes, 169, 170. 
Combination pan, 87. 
Combination process (so called), 130. 
Comparison between — 
blast furnace and reverberatory 

matting, 303. 
tank and trough lixiviation, 222. 
reactions in various systems of 

smelting, 256. 
roast-amalgamation and lixiviation 

(hypo.), 211, 24L 
Russell and Patera processes, 240. 
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Comparative extraction by amalga- 
mation and lixiviation, 211. 
Composition of ores, see Analyses. 

„ of slags, see Slags. 

Compressed air for stirring, 219. 
Concentration of ore after amalga- 
mation, 129. 
at Standard Consolidated, 130. 
at Tombstone, 129. 
before amalgamation, 130. 
at Black Pine, Mont., 132. 
at Huantla, Mex., 133. 
at Montana Co.'s mill, 131. 
at Silver King, 1.34. 
at Silver Plume, 135. 
Concentration of tailings on blanket 
sluices, 128. 

on " planillas," 53. 
Comsumption of chemicals in the 
Russell process, 2U5. 
See also Chemicals. 
Converter slags at Anaconda, 311. 
Cooke, 1, 19. 
Cooling floor, Increased ohloridisa- 

tion on the, 1 49. 
Copiapo, Krohnke process at, 69. 

„ Ores of, 27. 
Copper, Action of, on silver sulphide, 
7. 
amalgam. Use of, 42. 
and sodium, Double hypo- 
sulphites of, 18, 200. 
argentiferous. Analyses of, 

325. 
argentiferous. Treatment of, 

327. 
black, Analyses of, 305. 
bottoms, Extraction of gold 

from, 315. 
chlorides, see Cwprons and 

cupric chlorides. 
-silver alloys, 3. 

,, orps, Suitability of, 

to Pan process, 98. 

,, to lixiviation, 187. 

sulphate. Crystallisation of, 

from solution, 145, 247, 

328. 

sulphate in the Cazo process, 

65. 

„ in the Pan process, 

92. 
, , in the Patio process, 
44, 45. 
Cosalite, 22. 

Cost of Augustin process in Japan, 
177. 
„ bessemerisation, 312. 



Cost of Cazo process, 66. 

„ ohloridising-roasting, 164-5. 

„ Foudon process, H9. 

,, Francke-tina process, 78. 

,, hypo, lixiviation, 223. 

,, Krohnke process, 72. 

„ Pan process, 104-5. 

,, Patio process, 60. 

,, pyritic smelting, 284, 292. 

„ refining base bullion, 146. 

„ ,, lixiviation sulphide, 

248. 
,, re-treating tailings in pans, 

127. 
,, roast-amalgamation process 

in pans, 12U-3. 
,, roasting at Argo, 181, 299. 
„ Russell process, 227. 
,, semi - pyritic smelting at 

Sunny Corner, 27U. 
,, silver-copper smelting, 326. 
Crooke process of lead sweating, 318. 
Crucibles for melting silver bullion — 
of iron, 140. 
of plumbago, 141. 
Crushing base bullion, 144. 

,, by Chilian mills, 37, 1X5, 
181. 
by rolls, 36, 114, 180. 
„ by stamps, 35, 84, 85. 
,, in arrastras, 39. 
Crystallisation of bluestone, 145, 247, 

328. 
Cupric chloride — 

Influence of, on chloridisation, 150. 
Interference of, with hypo, lixivia- 
tion, 187. 
Use of, for badly-roasted charges, 
200. 
Cuprous chloride — 

in the Krohnke process, 71. 
Precipitate of, in the Hunt-Douglas 
process, 320. 
Cuprous oxide causing spangle re- 
action, 183, 246. 
Cusihuiriachic, Chloridisation at, 
149. 
,, Patera process at, 

2-/4. 
Cyanide of silver, see Silver cyanide. 



Daggett, 190, 214. 

Deadwood, Matte smelting at, 267, 

271. 
Decomposition of silver oxide, 5. 
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Decomposition of silver sulphate, 6. 

De Lamar, Pan process at, 97, 105. 

Desilverisation of matte, see Silver 
extraction. 

Deterioration of hypo, solution, 
193. 

Dewey-Walter process for refining 
sulphides, 248-51, 

Direct amalgamation of docile ores, 
32. 

' ' Direct " process for matte concen- 
tration, 307. 

Dissolving base bullion in sulphuric 
acid, 144. 

Dryers, Revolving, 112. 
„ Stetefeldt, 113. 

Dubois, 199. 

Ductility of silver, 1. 

Dyscrasite, 22. 
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EissLBB, 80, 98, 110, 136. 
Egleston, 48, 66, 118, 143. 
Electrolytic copper refining, 329. 
at Anaconda, 330. 
Behaviour of impurities in, 330. 
Cost of, 331. 
Elevator, Quicksilver, 95. 
Elkhorn, Mont., Roast -amalgama- 
tion at, 120. 
Embolite, 21. 

Eureka, Analyses of ores lixiviated 
at, 173. 
,, Composition of ores at, 
25. 
Extra solution, see Russell's solution. 
Extraction of gold in arrastras, 41. 
,, „ from copper bot- 

toms, 315 
„ of silver in arrastras, 43. 
,, ,, from mattes, 313- 

320. 
,, ,, from pan tailings, 

127. 



Fahlbbz, 21. 

False bottoms for leaching tanks, 

214. 
Ferric sulphate in the Patio process, 

44. 
Ferrous sulphate. Action of, on silver 

sulphate, 10. 
Flasks for retorting amalgam, 136. 



Fluxes, Use of, in matte smelting, 

262. 
Fondo, see Cazo process. 
Fondon process, 67. 

,, ,, Cost and extraction, 

69. 
, , „ Mode of working, 68. 

Forehearths, 258. 
Franoke-tina process, 72. 
at Huanchaca, 73, 75, 78. 
at Oruro, 73. 74. 
at Playa Blanoa, 73, 75, 77. 
at Potosi, 75, 77. 
Construction of plant, 175. 
Cost of treatment, 78. 
Crushing, 73. 
Loss of silver in, 78. 
Reactions of, 79. 
Roasting for, 74. 
Working of, 77, 78. 
Freiberg, Analyses of furnace gases 
at, 264. 
,, Barrel process at, 117. 
,, Matte concentration at, 

31.3. 
,, Ores of, 24. 
,, Silver extraction from 
mattes at, 315. 
Freieslebenite, 22. 
Fuel in matting furnaces, 263. 
,, in pyritio furnaces, 281. 
Furnace gases. Composition of, 264. 
Fusibility of silver, 2. 
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Galena, Condition of silver in, 7. 
,, Richness of, in silver, 23. 
Gases from blast furnaces, 264. 
Gas-fired reverberatories — 
for ohloridisation, 152. 
for Ziervogel roasting, 181. 
Gas-fired revolving dryers, 112. 
Gawrilow, Analysis of matte pro- 
duced at, 275. 
„ Analysis of slag produced 

at, 274. 
„ Matting barytic ores at, 

266. 
,, Silver extraction from 

matte at, 317. 
Georgetown, Barrel mill at, 118. 
Godshall, 167, 170, 199. 
Gold, Action of hypo, solution on, 
201. 
,, Extraction of, in arrastras, 41. 
„ ,, in the pan, 97. 
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Gold, Extraction of, from copper 
bottoms, 315. 

Gold sulphide. Action of hypo, solu- 
tion on, 201. 

Granite Mountain, Roast-amalgama- 
tion at, 120. 

Grease inimical to amalgamation, 
98. 

Guadalcazar, Ores of, 26. 

Guadalupe y Calvo, Amalgamation 
at, 42. 
Patio working at, 49. 

Guanajuato, Ores of, 26. 

Amalgamation in arrastras at, 41. 
Patio working at, 49. 

Gutzkow's parting process, 10. 

Gypsum in pyritic smelting, 281. 



H 

Hacienda de Guadalupe 

,, ,, Loreto j Pachuea. 

„ ,, la Granja I see 
„ „ la Sauoeda ( Zacalecas. 
Hague, 97, 100. 
Hahn, 10. 

Hall mines. Matting at, 271. 
Handling slag and matte at the ^rgo 

works, 301. 
Hardness of silver, 1. 
Harrisburg, Utah, Pan process at, 

105. 
" Heap chlorination," 149. 
Hearth efficiency of pyritic furnaces, 

279. 
Heating air-supply of reverberatory 
furnaces, 298. 
„ blast of bleist furnaces, 282. 
Henrioh, 280. 
"n'pQgif.e 22 

Hofmann, 6., 151, 169, 186, 189, 190, 
192, 195, 196, 200, 216, 219, 220, 
236, 2.39. 
Holden Mill, see also Aspen — 
Analyses of ores treated at, 173. 
Crushing and roasting at, 212. 
Details of Russell process at, 226, 

230. 
Lead carbonate precipitate at, 204. 
Reversion of silver chloride, 1 98. 
Silver contents of base-metal pre- 
cipitate at, 190. 
Stetefeldt, Furnace at, 101, 163. 
,, Shelf-dryers at, 112. 

Volatilisation losses at, 170. 
H.P. required for stamp mill, 85. 
,, ,, for Pan process, 102. 



Hot air for reverberatories, 298. 
,, blast. Use of, in matte smelting, 
262. 
„ ,, in pyritic smelting, 

278. 
„ ,, stove, 287. 
Howell pan, 87. 
Howell- White furnace, 1.06. 
at Broken Hill, 158. 
Rumsey diaphragm for, ! 57. 
Huanohaca, crushing at, 73. 

,, I'rancke-tina process at, 

77. 
, , Loss of silver at, 78. 

,, Ores of, 'l1. 

,, Percentage of silver in 

amalgam, 136. 
„ Roasting at, 74. 

Huantla, Mex., Concentration at, 

133. 
Hunt-Douglas process of silver ex- 
traction, 320. 
Huntington Mills, 81. 
Hyposulphite, Use of, in the Patio 

process, 58. 
Hyposulphites of silver, 17. 

Double, of copper and sodium, 18. 
Hyposulphite leaching practice — 
Arrangement of plant, 213. 
Construction of tanks, 214-6. 
Cost of process, 223. 
Distribution of silver in products, 

223. 
Examples of — 
at Aspen, 226-230. 
at Blue Bird, Mont., 226, 231. 
at Broken Hill, 2.32-6. 
at Bullionville, Nev., 226-31. 
at Las Yedras, Mex,, 226, 228. 
at Park City, Utah, 226-9. 
at Sala, Sweden. 231. 
at Sombrerete, 236-9. 
leaching tanks, 214-6. 
precipitating tanks, 218. 
preliminary crushing, 212. 
press tanks, 219. 
trough lixiviation, 220-2. 
Hyposulphite leaching processes — 
(See also Russeli process.) 
Base metal leaching, 1 89. 

Volume of water required, 190. 
Proportion of silver in, 190. 
Precipitation after, 190. 
Use of oupric chloride in, 200. 
Method of leaching, ) 89. 
Percentage of extraction, 200. 
Precipitants — 
Calcium sulphide, 195. 
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Hyposulphite leaching processes — 
I^^cipitants — 

Sodium sulphide, 194. 

RespectiTe advantages of, 197. 
Precipitation, 197. 
Reactions of, 198. 
Regeneration of hypo. — 

from sulphide, 193. 

from tetrathionate, 210. 
Reversion of silver chloride, 196. 
Silver leaching, 191. 
Stock solution, 191. 
Volume and strength of ditto, 192. 
Stock solutions — 

Selective action of, 191. 

Deterioration of, 193. 

Accumulation of impurities in, 
1%. 



I 



Impukituks in hypo, solution, 193. 
„ in argentiferous copper, 

330. 
Influence of various substances — 
on chloridisation, 150. 
on lixiviation, 187. 
on pan-amalgamation, 98. 
Ingenios, 37. 
Interference with amalgamation, 98. 

,, ,, lixiviation, 187. 

Iodide of silver, see Silver iodide. 
,, zinc in the Claudet process, 
178. 
lodyrite, 23. 

Iron as a fuel in pyritic smelting, 281. 
,, as a reagent in the pan process, 

100. 
„ borings used in pan charge, 92. 
„ Consumption of, in the pan pro- 
cess, 93, 127. 
,, crucibles for melting bullion, 

140, 141. 
,, -matte as a vehicle for silver 

concentration, "254. 
„ Metallic, in mattes at Zalathna, 

265. 
„ Reduction of silver chloride by, 

15. 
, , Reduction of silver sulphide by, 

7. 
,, substituted for copper in tinas, 
79. 



Jambs, 307. 



Kaolis, Interference of, with amal- 
gamation, 9S. 
Kapnik, Lixiviation at, 177. 
KeUer, E., 3:^0. 
Kerargj-rite, 21. 

Keswick, Analyses of furnace gases 
at, 264. 
, , Cost of pyritic smelting at, 

292. 
,, Heating blast at, 282. 
„ Pyritic smelting at, 288, 
290-2. 
Kiss process, see Hyposulphite leadi- 

ing processes. 
Kokomo, Pyritic smelting at, 290-2. 

Cost of, 292. 
Kongsberg, Ores of, 24. 

„ Stirring matte with lead 

at, 317. 
Kosaka — 
Analyses of ores treated at, 173. 
Augustin process at, 175. 

Cost of, 177. 
Chloridising-roasting at, 152, 164. 
Knox clean-up pan, 93. 
Krohnke process, 69. 
Mode of working, 71. 
Plant employed, 70. 
reactions. Cost and Losses, 72. 



T.iin; Valley, Ores of, 25. 
Lamb, 241. 

Lang, 255, 263, 272, 285, 289. 
Las Yedras, see Yedrag. 
' ' Lavaderos " in the patio process, 53. 
Leaching, see also Lixiviation. 
Base-metal, 189. 
from bottom upwards, 189. 
Method of, 214. 
-plant, Construction of, 214-7. 
„ of Augustin process, 176. 
,, of Ziervogel process, 183. 
Rate of, 190. 

Sequence of, as conducted at — 
Holden, 230. 
Marsac, 229. 
Yedras, ^2S. 
Silver-, 191. 

-tanks, shallow v. deep, 216. 
False bottoms for, '214, 232. 
Lead — 
amalgam in the patio process, 50. 
bath, Scorification on a, 244. 
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Lead — 

carbonate precipitate, Silver con- 
tents of, 204, 223, 227. 

Influence of, on the pan process, 98. 

Interference of, with hypo, lixivia- 
tion, 187. 

matte as a vehicle for silver collec- 
tion, 254. 

Separate precipitation of, in Bus- 
sell process, 203. 

Stirring matte with, 317. 

sulphide. Volatilisation of, 254. 
Leadville, Pyritio smelting at, 286, 

288, 290-2. 
Level's alloy of silver and copper, 

3. 
Lexington Mill- 
Details of practice at, 129. 

Retorting amalgam at, 139. 

Stetefeldt dryers at, 1 12. 
Lime, in the pan, Use of, 92. 

„ Influence of, on chloridisation, 
150. 
Liquation of cupriferous amalgam, 

140. 
Lixiviation, see also Leaching. 

Analyses of ores treated by, 173. 

by the Russell process, 205. 

Cost of, 223. 

Interference of various substances 
with, 187. 

plant, arrangement of, 213. 

processes, 172. 

tanks. Construction of, 214. 

Trough-, 2-20. 

Sulphides, Analyses of, 242. 

Sulphides, Treatment of — 
by Dewey-Walter process, 248. 
by matting acid process, 245. 
by roasting and smelting, 243. 
by sooriflcation, 244. 
Localities of principal silver ores, 20- 

28. 
Loss of mercury in amalgamation — 

in arrastras, 42. 

in the Cazo process, 66, 67. 

in the pan process, 97, 127. 

in the patio process, 50. 

in direct tina amalgamation, 32. 

in the Fraucke-tina process, 78. 
Loss of mercury — 

Chemical, 50, 98. 

Mechanical, 50, 97, 126. 
Loss of hyposulphite in lixiviation, 

193. 
Loss of silver — 

in the Augustin process, 176, 

in bessemerisation, 309. 



Loss of silver — 

in chloridising - roasting, 167-71, 
230, 238. 

in the combination process, 1.33. 

in concentration, 135. 

in hyposulphite lixiviation, 200. 

in the pan process, .57. 

in the patio process, 97. 

in pyritio smelting, 285. 

in refining base bullion, 145. 

in speiss smelting, 273. 

in the Ziervogel process, 184. 
Lukis on the patio process, 58. 
Lyon Mill (Comstock) — 

Loss of mercury at, 126. 

Pan working at, 125. 

Retorting of bullion at, 140. 



M 

Mackintosh, 49. 

Magistral in the Patio process, 44, 

45. 
Malaguti and Durocher, 12, 15, 16. 
Malleability of silver, 1. 
Manganese oxides. Influence of, on 

amalgamation, 99. 
Mansfeld — 

Analyses of furnace gases at, 264. 

Analyses of matte and slags, 274, 
275. 

Matte concentration at, 312. 

Matte smelting at, 266, 271. 

Ores of, 24 

Treatment of Ziervogel residues at, 
313. 

Ziervogel process at, 181-4. 
Marmajas, 58. 
Marsac Mill — 

Analyses of ores treated at, 1 73. 

Composition of precipitates, 229. 

Cost of refining sulphides at, 248. 

Details of Russell process at, 226, 
229. 

Lead carbonate precipitate at, 
204. 

Matting process of treating sul- 
phides, 245. 

Ore crushing and roasting, 212. 

Revolving dryers at, 1 12. 

Stetefeldt furnace at, 161, 163. 
Matte concentration — 

by bessemerisation, 308. 

by direct process, 305. 

by roasting and smelting, 307, 308. 
at Freiberg, 313. 
at Mansfeld, 312. 
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Matte, Extraction of silver from, see 

Silver extraction. 
Matte smelting — 
introductory, 252-4. 
Reactions of, 255. 
in blast furnaces, 257-71. 
Blast pressure, 264. 
Forehearths, 258. 
Fuel and fluxes, 263. 
furnace gases. Composition of, 

264. 
Examples — 
Deadwood, 267, 271. 
Gawrilow, 20(j, 271. 
Manafeld, 266, 271. 
Sunny Corner, 2(j8, 271. 
Zalathna, 265, 271. 
Slag composition, 261. 
Sump furnaces for, 260. 
Use of hot blast, 262. 
in reverberatories, 292. 

Adaptability to fine charges, 

294. 
Characteristics of, 293. 
Cheap fuels employed in, 293. 
Comparison of, with blast fur- 
nace smelting, 293. 
Examples of — 
at Argo Works, 299-303. 
at Butte, Mont. , 296. 
Range of slag composition in, 

294. 
Reactions of, 295. 
Matting — 
base bullion before solution, 144. 
process of silver extraction, 6. 
,, sulphide refining, 245. 
Matthiessen, 1. 

Mechanical reverberatories, 153. 
Melting lixiviation sulphides, 245. 
Melting point — 
of silver, 2. 
of silver chloride, 10. 
of silver iodide, 17. 
Melting retort bullion, 140. 
in Boas furnace, 141. 
in crucibles, 141. 
in gas-fired reverberatories, 142. 
Mercury — 

Action of, on silver chloride, 15. 

on silver sulphide, 7. 
Handling of, by elevator, 95. 

by pump, 96. 
Loss of, in amalgamation, 32. 
in arrastras, 42. 
in the Cazo process, 66, 67. 
in the pan process, 97, 127. 
in the patio process, 50. 



Mineral, Idaho, Wood used in blast- 
furnaces at, 263. 

Mineral HiU, Nev., Pan process at, 
104. 

Montana — 
Pan process in, 105. 
Coy. 's combination mill, 131. 
Concentration at Black Pine, 132. 

Montejus press tanks, 219. 

Morse, 158, 198, 230. 

Moulton Mill, volatilisation of silver 
at, 171. 



N 



Native silver, 20. 



Okbb, Claudet process at, 179. 
,, Treatment of argentiferous 

copper at, 327. 
,, Sulphuric acid process, 327. 
Ontario, Utah, Analysis of ores treated 
at, 173. 
„ Composition of ores, 25. 
, , Chloridisation on the cooling 

floor at, 149. 
„ Melting bullion at, 142. 
, , Melting lixiviation sulphides 

at, 243. 
„ Percentage of salt required, 

167. 
, , Roast-amalgamation at, 1 20. 
„ Stetefeldt furnace at, 161, 
163. 
Ores of silver, 22. 

,, ,, Analyses of, see 
Analyses. 
Oruro, Bolivia, Ores of, 27. 
,, Cost of treatment at, 78. 
„ Crushing at, 73. 
,, Roasting at, 74. 
,, Working tinas at, 78. 
Osmond, 3. 
Oxidation of hypo, solution, 193. 

,, of Russell solution, 207. 
Oxide of silver, 4. 



Pachuca, Arrastras at, 40. 
„ Boss process at, 110. 
,, Chilian mills at, 36. 
,, Melting bullion at, 141. 
,, Ores of, 26. 
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Pachuoa, Pan procesB at, 105. 
,, Patio process at, 45, 61. 
,, Rolls at, 36. 
,, Retorting at, 138. 
Palmare] 0, Roast-amalgamation at, 

120. 
Panamint, Salt required for ohlorl- 

disation at, 167. 
Pan process, see also Boss process. 
chemicals, Use of, 92. 
Clean-up, 93, 94, 
Construction of pans, 87-9. 
„ of settlers, 90. 

Cost of, 104, 105. 
Crushing, 80-5. 
Examples of, 104, 105. 
Brunswick Mill, Nev., 104. 
California Mill, Comstook, 104. 
Calico, California, 105. 
De Lamar, Idaho, 105. 
Harrisburg, Utah, 105. 
Mineral Hill, >fev., 104. 
Pachuca, Mex., 105. 
Sheridan Mill, New Mex., 105. 
Tombstone, Ariz., 105. 
Handling mercury, 95, 96. 
,, ore into pans, 86. 
H.P. required for, 102. 
Interference of various substances 

with, 98. 
Loss of mercury in, 97. 
Percentage of extraction, 97. 
Recovery of gold in the, 97. 
Reactions of the, 1 00. 
Water supply required, 102. 
Working the charge, 91. 
Pan slimes, 125. 

Parral, see also San Francisco del 
Oro. 
,, Chloridising-roasting at, 151. 
,, Hypo. Uxiviation at, 224. 
" Parting" dor^ bullion, 334. 
Pasco, Melting bullion at, 141. 
„ Ores of, 27. 
,, Patio treatment at, 59. 
Patera process, see also Hyposviphite 
leaching processes. 
Practice at — 

Broken Hill, 224, 232-6. 
Cusihuiriachio, 224. 
Eureka, Nevada, 224. 
Parral, Mex., 224. 
Sombrerete, 224, 236-9. 
Patera process without roasting, 188. 
Patera, Von, 19. 
Patio process — 
Chemicals used, 43. 
Construction of patio floor, 43. 



Patio process — 
Cost of, 61. 
Crushing for, 35-38. 
Loss of mercury in the, 50. 

„ of silver, 57. 
Percentage of extraction in, 57. 
Practice at — 
Charcas, 57. 
in Chili, 44, 50. 
in Durango, 60. 
Fresnillo, 55, 61. 
Guadalupe y Calvo, 49. 
Guanajuato, 45, 49, 55. 
Pachuca, 45, 46, 49, 61. 
Pasco, 59. 
Potosi, 59. 
Tasco, 57, 61. 
Zaoatecas, 45, 65, 57, 61. 
Proportion of reagents used, 45. 
, , of mercury used, 46. 

Reactions of the, 51. 
Treatment of residues, 55-6. 
Use of base-metal amalgam, 50, 59. 

,, of hyposulphite, 58. 
Washing the torta, 53. 
Working and testing the " torta," 
46. 
Pearoe, Rd., 4, 22, 28, 186. 
Percentage extraction of silver — 
in the Cazo process, 66. 
in the Fondon process, 69. 
in the Franoke-tina process, 78. 
in the Krohnke process, 72. 
in the Pan process, 97, 105. 
in the Patera process, 200, 224. 
in the Patio process, 57, 61. 
in the Roast - amalgamation pro- 
cess, 121. 
in the Russell process, 210, 227. 
in hypo, lixiviation, 200, 224, 227. 
in pyritic smelting, 292. 
in speiss smelting, 273. 
Real V. apparent, 230. 
Percentage of salt required in chlori- 
dising-roasting, 167. 
Percy, 7, 12, 14, 18, 43, 44, 186, 253. 
Peru, Grinding in Chilian mills in, 
37. 
,, Patio process in, 59. 
Peters, 263. 

Pioche, Nev., Percentage extraction 
at, 97. 
,, Straining lead amalgam at, 
95 
"Planilla" (hand buddle), 53. 
Plant for Boss process, 106, 108. 

,, for Russell process, 213. 
Plattner, 18. 
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Playa Blanoa, Crushing at, 74. 
„ Roasting at, 74. 

,, Working of tinas at, 

78. 
Polybasite, 20. 
Potosi, Cazo process at, 67. 

„ Chloridiaing-roasting at, 75, 

168. 
,, Roasting for Francke - tina 

process at, 75. 
„ Patio process at, 59. 
Precipitates, Composition of, from 

hyposulphite leaching, 229, 231. 

Precipitation from hypo, solutions, 

197. 

,, of lead from ditto, 203. 

, , of silver sulphate on copper, 

145. 
, , tanks for Augustin process, 

176. 
,, tanks for hypo, lixiviation, 
218. 
Precipitants in hyposulphite lixivia- 
tion, 194. 
,, Calcium sulphide, 195. 
,, Relative advantages of cal- 
cium and sodium sul- 
phides compared, 197. 
,, Sodium carbonate, 203. 
,, ,, sulphide, 194. 

Press tanks for precipitates, 219. 
Pretoria, Speiss smelting near, 304. 
Promontorios, Scorification of sul- 
phides at, 244. 
Proustite, 7, 20. 
Przibram, Ores of, 24. 
Pump, Quicksilver, 96. 
Pueblo, Crooke process at, 318. 
Pyrargyrite, 7, 20. 
Pyrites, Richness of, in silver, 28. 
„ Use of, in ohloridisation, 
148. 
Pyritic smelting. Introductory, 276. 
Analyses of furnace gases, 264. 
Bye-products of, 285. 
Column charging, 277. 
Cost of, 284. 
Examples of — 
Keswick, 288. 
Leadville, 286-8. 
Mt. Lyell, 285-6. 
Fuels employed in the, 281. 
Fluxes required, 281. 
Furnace construction — 
At Leadville, 288. 
At Mt. Lyell, 286. 
Heating the blast, 282. 
Hot blast. Use of, 278, 282. 



Layer charging, 277. 
Pyritic smelting — 
Losses in, 284. 
Mode of working, 283. 
Plant required, 282. 
Principles of, 279. 
Reactions in, 256. 
Slags, Composition of, 278, 280. 
to speiss, 289 
Various systems of, 277. 

Q 

Quicksilver, see Mercury. 



Rammelsberg, 13. 

,, (Harz), Ores of, 24. 

Rate of leaching, 190. 
Raw ores. Action of Ruasell solution 

on, 201. 
Reactions of the Cazo process, 65. 
of the Dewey- Walter process, 248. 
of hyposulphite Uxiviation, 198. 
of the Krohnke process, 72. 
of the Pan process, 100. 
of the Patera process, 198. 
of the Patio process, 51-3. 
of the Russell process, 208-210. 
of the Roessler converter, 246. 
of silver chloride, 13. 
of silver sulphide, 8. 
of smelting processes, 256. 
of wet - amalgamation processes, 
13. 
Reagents in the Cazo process, 43. 
in hyposulphite lixiviation, 191, 

200. 
in the Krohnke process, 71. 
in the Pan process, 92. 
in the Patio process, 65. 
Reduction of silver chloride, 13. 
,, of silver sulphate, 9. 
, , of silver sulphide, 7. 

Reese River process, see Eoast-amod- 

gamation processes. 
Refining base bullion, 143-5. 

, , cement silver from Augustin 

process, 176. 
,, cement silver from lixivia- 
tion sulphides, 247. 
,, cement silver from Ziervogel 

process, 185. 
„ lixiviation sulphides — 

by the Dewey - Walter 
process, 248-51. 
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Refining lixiviation sulphides — 

„ by the matting process, 

245-8. 
,, by the acorifioation pro- 

244. 
,, retort bullion, 143. 
Relaves, 34. 

Residues from electrolytic copper re- 
fining, 332. 
, , from the Ziervogel process, 
313-4. 
Retorted amalgam, Residual mercury 

in, 187. 
Retorting cupriferous amalgam, 140. 
,, silver amalgam in capel- 
linas — 
at Paohuca, 138. 
at Potosi, l.'<7. 
„ silver amalgam in flasks, 
137. 
in tube retorts, 139. 
Reverberatory furnaces — 
for chloridising-roasting, 151. 
for matte smelting — 
at Anaconda, 298. 
at Argo, 300. 
at Butte, 296. 
for melting bullion, 142. 
for Ziervogel process, 181. 
Reverberatory matting, see Matte 

smelting in reverberatories. 
Revolving barrels for amalgamation, 
117. 
,, cylinder furnaces, 153. 

,, dryers, 112. 

Eoast-amalgamation process — 
Barrel process, 117. 
Comparison of cost and yield, 

122. 
Cost of .process, 122. 
Crushing, 114-116. 
Drying, 112. 
Reactions, 122. 

Reese River or Roast-pan process — 
at Alice Mill, Butte, 120. 
at Elkhorn, Mont., 120. 
at Granite Mountain, Mont., 

120. 
at Lexington Mill, Butte, 119, 

120. 
at Ontario Mill, Utah, 120. 
at Palmarejo, Mex. , 120. 
Roasting base bullion to sulphate, 
144. 
,, lixiviation sulphides, 246. 
,, for the Ziervogel process — 
Preliminary roast, 181. 
Sulphatising-roast, 183. 



Roasting previous to amalgamation — 
at Huanehaca, 74. 
at Oruro, 74. 
at Potosi, 75. 
Importance of thorough, 75. 
Roasting previous to lixiviation, see 

Chloridising-roasting. 
Roasting previous to smelting at 

Argo, 299. 
Roberts-Austen, 2, 3, 
Rodwell, 10, 17. 
Roessler converter, 246. 
Rolls for crushing, 36, 114. 
Russell, 18, 167, 168, 186, 194. 
Russell process — 
Arrangement of plant for, 213. 
Chemicals, Consumption of, 210. 
Classification of ores treated by, 

205. 
Comparison of, with Patera process, 

240. 
Consideration of reactions, 210. 
Cost of, 227. 
Examples of — 
at Blue Bird (Mont.), 226, 231. 
at BuUionville (Nev.), 226, 231. 
at Holden (Aspen), 226, 230. 
at Las Yedras(Sinaloa),226,228. 
at Marsac (Utah), 226, 229. 
General scheme for, 204. 
Overpreoipitation in the, 208, 210. 
Percentage extraction by the, 210. 
Reactions of, 208, 210. 
Separate precipitation of lead, 202, 
Strength of solutions used, 205. 
Use of, on tailings, 226, 231. 
Use of sodium carbonate in the, 
202. 
Russell solution — 
Action of, on various substances, 
201.' 
,, on raw silver ores, 201. 

Advantages of, on light ores, 208. 
Decomposition of, 207. 
Methods of using, 202, 206. 
Regeneration of hypo, from tetra- 

thionate in, 210. 
Strength of, 206. 



Sala, Hypo, lixiviation at, 231. 
Salt, Use of, in Augustin process, 175. 

,, ,, in Cazo process, 64. 

I > , , in Pan process, 92. 

,, ,, in Patio process, 43, 45, 
60. 
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Salt, Use of, in ohloridising-roasting, 

167. 
San Francisco del Ore, seealsoPorra^. 

Analysis of ores treated at, 1 73. 

Chloridising-roasting at, 151, 164, 

Patera process at, 224. 

Percentage of salt required, 167. 
Sand, Use of, in chloridisation, 148. 
Sarrabus, Ores of, 24. 
Soheranitz, Analysis of slags produced 

at, 274. 
Schnabel, 196. 
Sohneeberg, Ores of, 24. 
Soorifioation process of refining sul- 
phide precipitates — 

at Alamos, 244. 

at Broken Hill, 244. 
Semi-pyritic smelting, 268. 
" Settlers," Construction of, 90. 
Shelf dryers, see Stete/eldt shelf 



Silica as a flux in pyritic smelting, 

281. 
Siliceous slags in matte furnaces, 255. 
Silver, Chemical properties of, 1 

,, Conductivity of, 2. 

,, Contents of lead carbonate 
precipitate, 204, 227. 

,, Contents of base metal sul- 
phides, 227. 

, , Distribution of, in hypo, leach- 
ing products, 223. 

„ Ductility of, I. 

,, Hardness of, 1. 

, , Melting point of, 2. 

„ Loss of, see Loss oj silver. 

„ Lost in base metal leaching, 

lyo. 

, , Physical constants of, 2. 
„ ,, properties of, 197. 

,, Reversion of, to insoluble form, 

198. 
, , Solubility of, in brine solution, 

186. 
,, ,, in hypo, solution, 

186. 
„ „ interfered with by 

various substan- 
ces, 187. 
,, Specific gravity of, 1. 
,, Volatility of, 2. 
Silver alloys, 3. 

„ Arsenical and antimonial com- 
pounds of, 19. 
,, amalgam, see also Amalgam, 
Composition of, 136. 
Uses of, 41. 
„ bromide, 17. 



Silver cement. Washing and melting 
of, 176, 185, 247. 
,, chloride, 10. 

Formation of, 12. 
Melting point of, 10. 
Reduction of, by metals, 15. 
„ bysulphides, 16, 199. 
Solubility of, 1 1. 
Volatilisation of, 12, 167-71. 
„ cyanide, 18. 
,, hyposulphite, 17. 
„ iodide, 17. 
,, leaching in the hypo, process, 

191-3, 238. 
, , Metallic action of Russell solu- 
tion on, 201. 
,, Native, 20. 
„ Ores of, 20, 28. 
„ oxide, 4. 

„ „ Decomposition of, 5. 
,, sulphate 9. 
„ ,, Precipitation of metal 

from, 145. 
„ sulphide, 6. 

, , , , Action of Russell solu- 

tion on, 201. 
,, ,, Decomposition of, 6. 

,, ,, Reactionsof metals on, 

6,8. 
Silver-copper smelting, 321. 
Details of cost, 326. 
Plant, 322. 

Products, Analyses of, 325. 
Slags, Composition of, 324-6. 
Working, 323. 
Silver-copper treatment, 327-332. 

See Electrolytic copper refining. 
Silver extraction from mattes, 313-19. 
, , slime. Analyses of, 3.S2. 
„ ,, Treatment of, S32-335. 
Silver King, Concentration at, 134. 

,, ,, Ores of, 25. 
Silver Plume, Concentration at, 134. 
skilled labour in smelting, 3U4. 
Slags — 
Analyses of, from blast furnace 
matting, 274. 
,, from reverberatory 

matting, 302, 303. 
Best combinations for, 262, 280. 
Composition of, in matting, 261. 
Formulse of, from Argo, 3U3. 
from bessemerisation, 311. 
,, reverberatory matting, 302. 
, , silver-copper smelting, 326. 
,, speiss smelting, 305. 
suitable for b. f. matting, 274. 

,, pyritic smelting, 280. 
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siliceous, Use of, 255. 

,, at MaDsfeld, 267. 
Use of, for heating blast, 282. 
Smeltingproceases, Introductory, 252. 

See also Matte smelting, dee. 
Sodium — 

Carbonate, Preparation of, 207. 

Use of, in Russell process, 203. 
Hyposulphite, see Hyposulphite. 
Sulphide, Advantages of, 197. 

Preparation of, 194. 
Tetrathionate, Decomposition of, 
210. 
Formation of, 207. 
Solubility of silver chloride, 1 1 . 
in brine solution, 11, 186. 
in hypo, solution, 186. 
affected by various substances, 
187. 
Solubility of silver iodide, 17. 
Solution of roasted sulphides in acid, 

247. 
Sombrerete — 

Analysis of ores at, 173. 
Crushing and roasting at, 212. 
Details of Patera process at, 224, 

236-9. 
Extraction on raw ore, 202. 
Spangle reaction, 183, 246. 
Specific gravity of silver, 1. 

„ , , silver chloride, 10. 



Analyses of, 273, 305. 

Antimonial, 274. 

Smelting — 

in blast furnaces, 272. 
in reverberatories, 304. 
Percentage extraction in, 273. 

Treatment of, 275, 305. 
Stamp mills for crushing — 

at Tasco, 35. 

Details of, 83. 

Modem revolving, 81. 

Power required, 84. 
Standard consolidated mill, 130. 
Steam jets — 

in reverberatory fireboxes, 305. 

Use of, to diminish volatilisation 
loss, 170. 
Stephanite, 20. 
Stetefeldt, C. A., 167, 170, 187, 188, 

193, 194, 195, 196, 201, 212, 216, 

219, 243, 246, 248. 
Stetefeldt furnace — 

Advantages and disadvantages, 166. 

for chloridising roasting, 159. 

Fuel consumption in, 161. 



Stetefeldt furnace — 
Percentage of chloridisation at- 
tained, 163. 
shelf -dryers, 112. 

,, Advantages, 114. 

Stirring matte with lead, 317. 

,, solutions with compressed 
air, 219. 
Stock solution — 
Advantages of weak, 192. 
Regeneration of, 192. 
Strength of, 191. 
Straining amalgam, 94. 

,, hot for plumbiferous amal- 
gam, 95. 
Sulphate of silver, see Silver sulphate. 
Sulphatisation of base bullion, 144. 
Sulphide of silver, see Silver Sulphide. 
Sulphides, see Lixiviation sulphide. 
Sulphur — 
as a fuel in pyritic smelting, 281. 
Use of, in chloridisation, 148. 
Sulphuric acid — 
as a bye-product of pyritic furnace 

gases, 285. 
in pan charges, 92. 
in refining base bullion, 144. 
process of argentiferous copper 

treatment, 327. 
process of silver extraction from 

matte, 315. 
processes for treating lixiviation 
sulphides, 245-51. 
Sump furnaces, 259. 
Sunny Corner — 

Analysis of matte at, 275. 

,, slag at, 274. 

Matte smelting at, 268, 271. 

,, Cost of, 270. 

Superposed hearths for reverberatory 
roasting furnaces, 151. 



Taiiona, see Arrastra. 
Tailings — 
Concentration of, on blanket sluices, 

128. 
on vanners — 
at Montana Coy.'s mill, 131. 
at Standard Consolidated, 130. 
at Tombstone, 130. 
Re- working of, in pans, 125-7. 
by Russell process, 226. 
at Blue Bird, 231. 
at BuUionville, 231. 
at Sala, 231. 
Tajova, Lixiviation at, 177. 
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Talc, Influence of, on amalgamation, 

98. 
Tanks— 
Leaching, Construction of, 214-7. 

,, Sliallow V. deep, 216. 
Precipitating, 218. 
Tasco — 
Crushing by stamps at, 35. 
Ores of, 26. 

Patio treatment at, 57. 
Tatum, 86. 
Temperature — 
Influence of, on chloridisation, 

169. 
of blast for pyritic smelting, 278. 
of hypo, solution in lixiviation, 
192, 233. 
Tenacity of silver, 1. 
Thofehrn's processes — 
for making wire bars direct from 

anodes, 331. 
for treatment of silver slimes, 
333. 
Time, Influence of, on chloridising- 

roasting, 168. 
Tin amalgam used in the patio pro- 
cess, 59. 
Tinas— 
for direct amalgamation, 32. 
Construction of, 33. 
Loss of mercury in, 32. 
for Franoke-tina process — 
Construction, 75, 76. 
Mode of working, 77. 
Tombstone— 
Concentration of tailings at, 129. 
Fan process at, 97. 105. 
Torreon — 

Analysis of silver speiss at, 273. 
„ slags at, 323. 
, , argentiferous copper at, 
325. 
Silver speiss smelting at, 272. 
" Tortas," Treading of the, 46. 

„ Washing, 53. 
Toston — 

Pyritic smelting at, 290-2. 
Cost of, 292. 

Loss of precious metals in, 285. 
Transvaal, Speiss smelting in the, 

305. 
Treading tortfis in the patio process, 

46. 
Trough-lixiviation, 220. 
Advantages and disadvantages of, 
222. 
Tube retorts for retorting amalgam, 
139. 



VOGEL, 10. 

Volatilisation — 

of lead sulphide, 254. 
of silver — 
at Holden Mill, 170, 230. 
at Sombrerete, 238. 
Influence of temperature on, 169. 
time on, 168. 
volatile elements, 170. 
Volatility of silver. 2. 



w 

Wait, 5. 

Washoe process, see Pan process. 

Water supply required for pan pro- 
cess, 102. 

Watson, 201. 

Weak stock solution. Advantages of, 
192. 

Webster Mill, Concentration at, 132. 

Wendt, 75. 

"Wetting down" after roasting, 149. 

Wheeler pan, 87. 

Wood substituted for coke in smelt- 
ing, 263. 

Woodworth sluice, 128. 



Yedeas, Las — 

Analysis of ores at, 173. 

Details of Russell process at, 226, 

229. 
Four-hearth reverberatories at, 151. 
Percentage of extraction on tailings 

at, 229. 
Percentage of salt used at, 167. 



Zacatecas — 

Arrastras at, 40. 

Chilian mills at, 38. 

Loss of silver at, 57. 

Ores of, 26. 

Patio working at, 49. 

Washing the torta at, 54. 
Zalathua — 

Acid process of silver extraction 
at, 319. 

Analysis of matte at, 275. 
of slag at, 274. 

Composition of roasted ore at, 265. 
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Zalathna — 

Matte smelting at, 265, 271. 

Metallic iron in matte at, 265. 
Zeehan, Ores of, 28. 
Ziervogel process— 

at Argo, 181-184. 

at Mansfeld, 181-184. 

Analyses of mattes at different 
stages, 182. 

Cost of, at Argo, 181. 

Leaching and precipitation, 184. 

Material suitable for, 179. 

Percentage of extraction in, 184. 

Preliminary roasting, 181. 

Reactions of, 9. 

Sulphate roasting, 181. 



Ziervogel process — 
Sulphate roasting — 

Cost of, 181. 

Progress of operations, 183. 
Treatment of cement silver, 185. 
Treatment of residues from — 

at Argo, 314. 

at Mansfeld, 313. 
Zinc - 
Interference of, with hypo, lixivia- 

tion, 187. 
iodide used in the Claudet process, 

178. 
Reduction of silver chloride by, 1 5. 
shavings used in pan charge, 92. 
-silver alloys, 3. 
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THE DESIGN OF STRUCTURES: 

A Pi>aotloal Tp«atlsa on the BuUdln^r of Bpldcres, Roofh, i 

By S. ANGLIN, C.E., 

Muter of Engmeering, Royal Univeisity of Ireland, late Whitworth SchoUr, &C. 

With very numerous Diagrams, Examples, and Tables. 
Large Crown 8vo. Cloth. 

Second Edition, Revised. I63. 



The leading features in Mr. Anglin's carefully-planned " Design of Struc- 
tures " may be briefly summarised as follows : — 

1. R supplies the want, long felt among Students of Engineering and 
Architecture, of a concise Text-book on Structures, requiring on the part of 
the reader a knowledge of Elementary Mathematics only. 

2. The subject of Graphic Statics has only of recent years been generally 
applied in this country to determine the Stresses on Framed Structures ; and 
in too many cases this is done without a knowledge of the principles upon 
which the science is founded. In Mr. Anglin's work the system is explained 
from riRST PRINCIPLES, and the Student will find in it a valuable aid in 
determining the stresses on all irregularly-framed structures. 

3. A large number of Practical Examples, such as occur in the every-day 
experience of the Engineer, are given and carefully worked out, some being 
solved both analytically and graphically, as a guide to the Student. 

4. The chapters devoted to the practical side of the subject, the Strength of 
Joints, Punching, Drilling, Rivetting, and other processes connected with the 
manufacture of Bridges, Roofs, and Structural work generally, are the result 
of MANY years' EXPERIENCE in the bridge-yard ; and the information given 
on this branch of the subject will be found of great value to the practical 
bridge-builder. 



"Students of Engineering will find this Text-Book invaluable." — Arekiteci. 

"The author has certainly succeeded in producing a thoroughly practical Text- 
Book. "—^xiVoir-. 

"We can unhesitatingly recommend this work not only to the Student, as the bhst 
Text-Book on the subject, but also to the professional engineer as an bxchedinglv 
VALUABLE book of reference." — Mechanical World. 

"This work can be confidently recommended to engineers. The author has wisely 
chosen to use as little of the higher mathematics as possible, and has thus made his book of 
REAL USE to THE PRACTICAL ENGINEER. . . . After careful penisal, we have nothing but 
ipraise for the work." — Nature. 
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In Large 8vo. Handsome Cloth. 10s. 6d. 

CHEMISTRY FOR ENGINEERS. 

BY 

BERTRAM BLOTJNT, and A. G. BLOXAM, 

F.I.C, F.C.8., A.I.C.E., F.I.O.. F.C.8., 

0)iuultlng ChemlBt to the Crown Agents for Comultlng Chemist, Head of the ChemlatlT 

the ColonieB. Department, Goldsmiths' Inst., »_ 

New Cross. 



OENEKAL CONTENTS— Introduction- Chemistry of the Chief Materials 
of Construction— Sources of Energy- Chemistry of Bteam-ralslng— Chemis- 
try of Lubrication and Lubricants— Metallurgical Processes used In the 
Winning and Manufacture of Metals. 

" The anthors have succbudrd beyond all expectation, and have produced a work whldi 
•honld Klve vresh powkii to the Engineer and Manufacturer."— rAe Timet. 

"Peactical THRODOHODT ... an ADMiBABLB TBXT-BOOK, useful not only to students, 

but to EnoINBBBS and UaNAOBBS of WOBES in PBBTBHTINa WA8TB and IMPBOVIHO PB0CB8BBS." — 

Seoitman. 

"A book worthy to take HiaH bane . . , treatment of the subject of qasbods fuel 
particularly good. , . . Water oas and its production clearly worked out. ... We 
WABMLT EBCOMMBHD the work."-Wowrnai ofQaa Lighting. 



For Companiou Volume by the same Authors, "Chemistry 
FOR Manufacturers," see p. 71. 



Works by WALTER R. BROWNE, M.A., M.Inst.C.E., 

Late Fellow of Trinity College, Cambridge. 



THE STUDENT'S MECHANICS: 

An Introduction to the Study of Force and Motion. 

With Diagrams. Crown 8vo. Cloth, 4s. 6d. 

" Clear in style and practical in method, 'The Student's Mechanics ' is cordially ta ba 
commanded from all points of view." — Atfumtum. 



FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Engittetr. In Crown 8vo, is. 



Demy 8vo, with Numerous Illustrations, gs. 

FUEL AND WATER : 

A Manual for Users of Steam and Water. 
Bt Prof, FRANZ SCHWACKHOFER of Vienna, and 

WALTER R, BROWNE, M.A., CE. 

Gbmbral Contents. — Heat and Combustion — Fuel, Varieties of—Firing Airaac^ 

meets: Furnace, Flues, Chimney — The BoUer, Choice of — Varieties — Feed-water 

Heaters— Steam Pipes — Water : Composition, Pur^cation— Prevention of Scale, &c., ftc 

*' The Section on Heat is one of the best and most lucid ever written." — Engifuer, 

** Cannot fail to be valuable to thousands using steam power." — Railway Sngiiutr. 

LONDON : CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND, 
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SEWAGE DISPOSAL WORKS: 

A Guide to the Construction of Works for the Prevention of the 
Pollution by Sewage of Rivers and Estuaries. 



W. SANTO CRIMP, M.Inst.C.E., F.G.S., 

Late AssuUnt-Engineer, Iiondon County CouuciL 
With Tables, Illustrations in the Text, and 37 Lithographic Plates, Medium 



8to. Handsome Cloth. 
Second Edition, Revised and Enlarged. 



30s. 



PART I.— Introductoky. 



latroductiou. 

Details of River PollutioDs and Reoomioenda' 

tions of Various Commissions. 
Houriy and Daily Flow of Sewage. 
The Fail System as Afiectii^ Sewage- 
Hie Separation of Rain-water from tne Sewage 

Proper. 



Settling Tanks. 

Chemical Processes. 

The Disposal of Sewage-dudge. 

The Preparation of Land for Sewage Di*> 

posal. 
Table of Sewage Farm Management. 



PART II.— Sewage Disposal Works in Operation — Their 
Construction, Maintenance, and Cost. 

niustrated by Plates showing the General Plan and Arrangement adopted 
, in each DistricL 



Map of the LONDON Sewage System. 

Crossness Outfall. 

Barking Outfall. 

Doncaster Irrigation Farm. 

Beddington Irrigation Farm, Borough of 
Croydon. 

Bedford Sewage Farm Irrigation. 

Dewsbury and Hitchin Intermittent Fil- 
tration. 

Merton, Croydon Rural Sanitary Authority. 

Swanwick, Derbyshire. 

Tlie Elaling Sewage Works. 

Chiswick. 

Kingston-on-Thames, A. B. C Process. 

Saiford Sewage Works. 



Bradford, Precipitation. 

New Maiden, Chemical Treatment and 

Small Filters. 
Friem Bavnet. 

Acton, Ferozone and Polarite Proceai. 
Ilford, Chadwell, and Dageuham Work^ 
Coventry. 
Wimbledon. 
Birmingham- 
Margate. 
Portsmouth. 

BERLIN Sewajge Farms. 
Sewage Precipitation Works, Dortmund 

(Germany). 
Treatment of Sewage by Electrolyus. 



*•* From the fact of the Author's having, for some years, had charge of the Main 
Ihrainage Works of the Northern Section of the Metropolis, the chapter on London will b« 
found to contain many important details which would not olJierwise have been available. 

'* All persons interested in Sanitary Science owe a debt of gratitude to Mr. Crimp. . . 
His work will be especially useful to Saiiitary Authorities and their advisers . . . 
B1CB4BNTLY PRACTICAL AND USEFUL . . . gives plans and descriptions of uany op the 
MOST IMPORTANT sswAGE WORKS of England . . with very valuable informatioD as to 

<ho COST of construction and working of each. ■ - . The carefully-prepared drawings per- 
ssic of an easy ccHnparisoQ between the different systems-" — Luncet 

** Probably the most cohflkts and bkst triiatisr on the subject which has appeared 
in oar language . . Will prove of the greatest use to all who have the pnU^ o| 

Sewago Dix|»osal to &ce." — Edinburgh Medical J ournal. 
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Works by BRYAN DONKIN, H.Inst.C.E., M.lDSt.Mech.E.. &e. 



GAS, OIL, AND AIR ENGINES: 

A Practical Text - Book on Internal Combustion Motors 
without Boiler. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

Second Edition, Revised throughout and Enlarged. With numerous 
additional Illustrations. Large 8vo, Handsome Cloth. 25s. 

Gknkral Contknts.— Gas Enifines: — General Descnptton — History suid Develop- 
aient — British, French, and German Gas Engines — Gas Production for Motive Power — 
Theory of the Gas Engine — Chemical Composition of Gas in Gas Engines— Utilisation of 
Heat — Explosion and Combustion. Oil Hotors : — Histoiy and Development — Various 
Types— Pncstman's and other Oil Engines. Hot-Air EnfiTineS ;— History and Develop* 
ment — Various Types: Stirling's, Ericsson's, &c, &c. 

"The BEST BOOK NOW PUBLISHED OQ Gas, Oil, and Air Engines. . . . Will be of 
VERY GREAT INTERBST to the numerous practical engineers who have to make themselves 
familiar with the motor of the day. . . . Mr. Donkin has the advantage of long 
PRACTICAL Exi'KRiENCE, Combined with high scientific and experimental knowledge, 
and an accurate perception of the requirements of Engineers." — The Engineer^ 

"We heartily kbcommend Mr. Donldin's work. ... A monument of careful 
labour. . . . Luminous and comprehensive." — foumal of Gas Lighting. 
■** A thoroughly reliable and exhaustive Treatise." — Engineering. 



In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

STEAM BOILERS: LAND AND MARINE 

(The Heat Efficiency of). 

With many Tests and Experiments on different Types of 

Boilers, as to tlie Heating Value of Fuels, &e., with 

Analyses of Gases and Amount of Evaporation, 

and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

General Contents. — Classification of different Types of Boilers — 
425 Experiments on English and Foreign Boilers with their Heat Efficiencies 
shown in Fifty Tables — Fire Grates of Various Types — Mechanical Stokers — 
Combustion of Fuel in Boilers — Transmission of Heat through Boiler Plates, 
and their Temperature— Feed Water Heaters, Superheaters, Feed Pumps, 
&c. — Smoke and its Prevention — Instruments used in Testing Boilers — 
Marine and Locomotive Boilers — Fuel Testing Stations — Discussion of the 
Trials and Conclusions — On the Choice of a Boiler, and Testing of Land, 
Marine, and Locomotive Boilers — Appendices — Bibliography — Index. 

With Plates illustrating Progress made during the present Century, 
and the best Modem Practice, 

1W "A WOBK OF KBFAKKNCE AT PBESENT UNIQUE. Will give an answer to almost any 
question connected with the performance of boilers that It is possible to ask." — Bnginar. 

** Probably the most exdaustivk resume that has evr been collected. A practical 
HOOK by a thoroughly practical man." — Iron and Coal Trades Review. 
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Second Edition, Revised. Royal %vo. WUh numerous Illustrations and 
13 Lithographic Plates. Handsome Cloth. Price jps. 

BRIDGE-CONSTRUCTION 

(A PRACTICAL TREATISE ON): 

Being a Text-Book on the Constractioii of Bridges in 
Iron and SteeL 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 
By T. CLAXTON FIDLER, M.Inst. C.K, 

Prof, of Engineering, University College, Dundee. 



GENERAL CONTENTS. 



Part I. — Elementary Statics: — Definitions — The Opposition and 
Balance of Forces — Bending Strain — The Graphic Representation of Bending 
Moments. 

Part II. — General Principles of Bridge-Construction : — The 
Comparative Anatomy of Bridges — Combined or Composite Bridges — 
Theoretical Weight of Bridges— On Deflection, or the Curve of a Bended 
Girder — Continuous Girders. 

Part III.— The Strength of Materials : — Theoretical Strength of 
Columns — Design and Construction of Struts — Strength and Construction of 
Ties — Working Strength of Iron and Steel, and the Working Stress in 
Bridges — W'ohler's Experiments. 

Part IV. — The Design of Bridges in Detail :— The Load on 
Bridges — Calculation of Stresses due to the Movable Load — Parallel Girders — 
Direct Calculation of the Weight of Metal — Parabolic Girders, Polygonal 
Trusses, and Curved Girders — Suspension Bridges and Arches : Flexible 
Construction — Rigid Constraction — Bowstring Girders used as Arches or as 
Suspension Bridges — Rigid Arched Ribs or Suspension Ribs — Continuous 
Girders and Cantilever Bridges — The Niagara Bridge — The Forth Bridge — 
Wind-Pressure and Wind-Bracing : Modern Experiments. 

"Mr. FiDLEE's strooEBS arises from the combination of experience and 
HltPLloiTT or tbeatmeht displayed on every page. . . . Theory is kept in 
mbordination to Practice, and his book is, therefore, as useful to girder-mE^en 
aa to students of Bridge Construction." — TKt Architect. 

" Of late years the American treatises on Practical and Applied Mechanics 
have taken the lead . . . since the opening up of a vast continent has 
given the American engineer a number of new bridge -problems to solve 
. . . but we look to the present Treatise on Bridgb-Constrtjction, and 
the Forth Bridge, to bring us to the front again." — Engmeer. 

" One of the vert best reoknt works on the Strength of Materials and its 
application to Bridge-Construction. . . Well repays a careful Study."— 
Snginteritig. 

"An mDisPENSABLB HANDBOOK for the practical Engineer." — UTature. 
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Fourth Edition. Folio, strongly lialf-bound, 21/. 

TRAVERSE TABLES: 

Computed to Four Places of Decimals for every Minute 
of Angle up to 100 of Distance. 

For the use of Surveyors and Engineers. 

BY 

RICHARD LLOYD GURDEN, 

Authorised Surveyor for the GoTemments of New South Wales and 
Victoria. 

*♦* Published with the Concurrence of the Surveyors- General for New Sotith 
Wales and Victoria, 

"Those who hare experience in exact Survey-wosk will best know how to appreciate 
the cnonnous unount of labour represented by this raluable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch* and this by rbferenck to but Ohk Table, in place ot the usual Fifteen 
minute computations required. This .alone is evidence of the assistance which the Tables 
ensure to every user, and as every Surveyor in active practice has felt the want of such 
assistance few k nowing of t hhi r ru blication will remain without them."" 

— Engineer. 



In Large 8vo. With Numerous Illustrations, Price 7s. 6d, 

VALVES AND VALVE-GEARING: 

INCLUDING THE COBLISS VALVE AND 
TRIP GEARS. 

BY 

CHARLES HURST, Practical Draughtsman. 

*' C0NCI6B explanations illuati-ated by 115 tbry clear diagrams and drawings and 4 folding- 
plates . the book fulfils a taluablb function."— .^fAenoum. 

"Mr. Hurst's valves and valtb-gbabia'g will prove a very valuable aid, and tend to the 
production of Engines of scibhtipic dbsign and econumical wobeikg. Will be largely 

sought after by Students and Designers."— dfar-tne E-n^neer. 

** UsETui. and thoroughly practioal. \7ill undoubtedly be found of great talus to 
all ooncemed with the design of Valve-gearing. "— J/ ec/tunica/ World, 

'* Almost ETSRT TYPE of TALVE and its gearing is clearly set forth, and illustrated in 
such a way as to be rbadjlt uhdrrstood and practically applied by either the Engineer, 
Draughtsman, or Student . . . Should prove both useful and valuable to all En^eera 
seeking for reliable and clear information on the subject. Its moderate price brings it 
within the reach of alL" — Induttnes ana Iron. 

" Hr. Hurst's work is aduibably suited to tbe needs of the practical mechanic. . . . 
It Ib free from any eUborate theoretical diticu6sion», and the explanations of tbe various 
t^peB of valve-gear are accompanied by diagramB which render them easily understood." 
— The Seientifie American. 
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WORKS BY 
ANDREW JAMIESON, M.Inst.C.E., M.I.E.E., F.R.S.E., 

Fonnerly Prtfeisar of EUctrical En^mering, The Glas[irw and Wist »/ ScetUfd 
Ttchnieal ColUp- 

PROFESSOR JAMIESON'S ADVANCED MANUALS. 

In Large Crown Svc. Fully Illustrated. 

i. STEAM AND STEAM-ENGINES (A Text-Book on). 

For the Use of Students preparing for Competitive Examinations. 
With over 200 Illustrations, Folding Elates, and Examination Papen. 
Twelfth Edition. Revised and Enlarged, 8/6. 

"Professor Jamieson fascinates the reader by his clkarnbss of cokckptiom ai^ 
OIIIPLICITY OF EXPRESSION. His treatment recalls the lecturing of Faraday." — Afhenmim. 

" The Best Book yet published for the use of Studcnts/'—Engintur. 

" Undoubtedly the most valuable and most complete Haud-boolc on the aulijact 
4]Mt now exists." — Marine Engineer, 

2. MAGNETISM AND ELECTRICITY (An Advanced Text- 
Book on). Specially arranged for Advanced and "Honours" Students. 
By Prof. Jamieson, assisted by David Robertson, Jr., B.Sc. 

3. APPLIED MECHANICS (An Advanced Text-Book on). 

Vol. I. — Comprising Part I. : The Principle of Work and its applica- 
tions; Part II. : Gearing. Price 7s. 6d. Third Edition. 

" Fully maintains the reputation of the Author — more we cannot say." — Praet. 
£ngineer. 

Vol. II. — Comprising Parts III. to VI. : Motion and Energy; Graphic 
Statics; Strength of Materials; Hydraulics and Hydraulic Machinery. 
Second Edition. Ss. 6d. 

"Well and lucidly written." — Tlie Engineer. 

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS. 

With numerous Illlustrations and Examination Papers. 

1. STEAM AND THE STEAM-ENGINE (Elementary Text- 

Book on). For First-Year Students. Sixth Edition, 3/6. 

" Ouite the right sort of book." — Engineer. 

" Snould be in the hands of every engineering apprentice." — Practical En^iiuir. 

2. MAGNETISM AND ELECTRICITY (Elementary Text- 
Book on). For First-Year Students. Fourth Edition. 3/6. 

" A capital text-book . . . The diagrams are an important feature." — ScAaoltMmxUr. 

"A THOROUGHLY TRUSTWORTHY Text-boolc. . . Arraneemeut as good a< weli 

can be. . . . Diagrams are also excellent. . . . The subject throughout treated as aa 
essentially practical one, and very clear instructions given." — Nature. 

3. APPLIED MECHANICS (Elementary Text-Book on). 

Specially arranged for First- Year Students. Third Edition, Revised 
and Enlarged. 3/6. 

" Nothing is taken for granted. . . . The work has very high qualities which 
may be condensed into the one word * clear.' " — Science and Art. ' 



. POCKET-BOOK of ELECTRICAL RULES and TABLES. 

FOR THE USE OF ELECTRICIANS AND ENGINEERS. 
Pocket Size. Leather, 8s. 6d. Thirteenth Edition. Seep. 43. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND, 
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Third Editioit. Very fatty ill%utrated. Cloth, 4s. 6d. 

STEAM « BOI LERS; 

THEIR DEFECTS, UANAQEMENT, AND CONSTRUCTION. 

Bt R D. MUNRO, 

Chiff Engifieer ofttie Scottish Boiler Insurance and Engine Inspectimi Compa/my. 

General Contents. — I. Explosions caused (i) by Overheating of 
Plates — (2) By Defective and Overloaded Safety Valves — (3) By Corrosion, 
Internal or External — (4) By Defective Design and Construction (Unsup- 
ported P'lue Tubes ; Unstrengthened Manholes ; Defective Staying ; Strength 
of Rivetted Joints ; Factor of Safety) — II. Construction of Vertical 
Boilers : Shells — Crown Plates and Uptake Tubes — Man-Holes, Mud- 
Holes, and Fire-Holes — Fireboxes — Mountings — Management — Cleaning — 
Table of Bursting Pressures of Steel Boilers — Table of Rivetted Joints — 
Specifications and Drawings of Lancashire Boiler for Working Pressures (a) 
80 lbs. ; (b) 200 lbs. per square inch respectively. 

This work contains information of the first importance to every user of 
Steam-power. It is a practical work written for practical men, the 
language and rules being throughout of the simplest nature. 

" A Taluable companion for workmen and engineers engaged about Steam 
Boilers, ought to be carefully studied, and alw ats at uaitd."— CoU. Ouarditm, 

" The book is verv useful, especially to steam users, artisans, and 
young engineers." — Bnginter. 



By the same Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Hand- 
book based on Actual Experiment. With Diagrams and Coloured Plate, 
Price 3s. 



NYSTROMS POCKET-BOOK OF MECHANICS 

AND ENGINEERING. Revised and Corrected by W. Dennis Marks, 
Ph.B., C.E. (yale S.S.S.), Whitney Professor of Dynamical Engineering, 
University of Pennsylvania. Pocket Size. Leather, 155. Twenty- 
first Edition, Revised and greatly enlarged. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



34 CHARLES GRIFFIN <fc CO.'S PUBLICATIONS, 

Large 8vo., Handsome Cloth. With numerous Plates reduced from 
Working Drawings and 280 Illustrations in the Text, 21s. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Praetieal Text-Book for the Use of Engine Builders, 

Designers and Draughtsmen, Railway 

Engineers, and Students. 

BY 

WILLIAM FRANK PETTIGREW, M.Inst.C.E. 

With a Section on American and Continental Engines, 

By ALBERT F. RAVENSHEAR, B.Sc, 

Of Her Majesty's Patent Office. 

Con(«n(«. — HiBtorical Introduction, 1763-1863. — Modem Locomotives : Simple. — 
Modem Locomotivea: Compound. Primary GonBideration in Locomotive Desi^. — 
CylinderB, Steam Chests, and Stuffing Boxes. — Pistons, Piston Rods, Crossheada, and 
iilide Bai-8.— Connecting and Coupling Bod b.— Wheels and Axles, Axle Boxes, Hornblock*, 
and Bearing Springs.— Balaucinp-.— Valve Gear.— Slide Valves and Valve Gear Details. — 
Framing, Bogies and Axle Trucks, Eadial Axle Boxes.— Boilers.— Sniokebox. Blast Pipe, 
Firebox Fittings.— Boiler Mountings.— Tenders.— Bailway Brakes.— Lubrication.— Con- 
sumption of Fuel. Ifivaporation and Engine Jtfflciency. — American Locomotives —Con- 
tinental Locomotives. — Repairs, Running, Inspection, and Renewals. — Three Appendiceijv. 
— Index. 

" We recommend the book as TnononnnLY practical in its character, and weritinto a 
PLACK IN ANY COLLECTION Of . . . works un Locomotivc Engineering."— /2ai/way Neifft. 

*'The work contains all tilit can be lbarnt from a book upon puch a subject.' It. 
will at once rank as the standard work upon this important 3UK.mcT."—KaHwav Magffxint^ 



Large Crown 8vo. With numerous Illustrations, 6b. 

ENGINE-ROOM PRACTICE : 

A Handbook for Enffineers and Officers in the Royal Navy 

and Mercantile Marine, Including the Managrement 

of the Main and Auxiliary Engines on 

Board Ship. 

By JOHN a. LIVERSIDGE, 

Engineer, E.N., A.M.I.C.E., Instructor in Applied Mechanics at the Royal Naval 
College, Greenwich. 

Con/enfj.— General Description or Marine Machinery.— The Conditions of Serviee and 
Duties of Engineers of the Hoyal Nayy —Entry and Conditions of Service of Engineers of 
the Leading S.S. Companies.- Baisina Steam —Duties of a Steaming Watch on Engines 

and Boilers.- Shutting ofl Steam.— Harbour Duties and Watches Adjustments and 

Eepairs of Engines.— Preservation and Uepairs of "Tank" Boilers.-The Hull and its 
Fittings.- Cleaning and Painting Machinery — Eeciprocating Pumps, Feed Heaters and 
Automatic Feed -Water Eegnlators. — Evaporators. — Steam Boats. — Electric Uahi 
Machinery.— Hydraulic Machinery.— Air-Compressing Pumps.— Refrigerating Machines 
-Machinery of Destroyers.— The Management of Water-Tube Boilers.-Regulations for 
Enti7 of Assistant Engineers, B.N. —Questions given in Examinations for Promotion or 
Engineers, K.N.— Regulations respecting Board of Trade Examinations for Engineers ic 

" The contents casnot fail to bb appbbciated."— T/ie Steamship. 

" This VERT USEFUL BOOK. . . . ILLUSTRATIONS are OJ GREAT IMPORTANCE in a Work 

of this kind, and it is satisfactory to lind that special attention has been given in thi^ 
Tetpect."— Engineers' Oazette. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREEtTsTRANoT^ 
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WORKS BY 

W. J. MACQUORN RANKINE, LLD, F.R.S., 

LaU Rtglut Proftuor of Olvll Engineering In the Unloertlty of Blttigow. 
THOBOPOHLT BXVISED BT 

y^. J. MILLAR, C.E., 

late Secretary to the Inttltute of Englneere anit ShlpbulUert In Scotland. 



I. A MANUAL OF APPLIED MECHANICS : 

Comprising the Principles of Statics and Cinematics, and Theory of 
Structures, Mechanism, and Machines. With Numerous Diagrama, 
Crown 8vo, cloth, 128. 6d. Fifteenth Edition. 



II. A MANUAL OF CIVIL ENGINEERING : 

Comprising Engineering Surveys, Earthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Boads, Railways, Canals, Rivers, Waterworks, 
Harbours, 4;c. With Numerous Tables and Illustrations. Crown 8to, 
cloth, 16b. Twentieth Edition. 



III. A MANUAL OF MACHINERY AND MILL WORK : 

Comprising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. Illustrated with nearly 300 Woodcuts. 
Crown 8vo, cloth, 12s. 6d. Seventh Edition. 



IV. A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS : 

With a Section on Gas, Oil, and Air Engines. By Bryan Doneiv, 
M.Inst. C.E. With Folding Plates and Numerous lUustratioiu. 
Crown 8vo, cloth, 12s. 6d. Fourteenth Edition. 

lONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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Pbot. Rankink's Works— (CVwrioiwrf). 

V. USEFUL RULES AND TABLES: 

For Architects, Builders, Engineers, Founders, Mechanics, Shipbuilders, 
Snrveyors, &c. With Appendix for the use of Electrical Enoikmk*. 
By Professor Jamiesox, K.ll.S.E. Seventh Edition. 10s. 6d. 



VL A MECHANICAL TEXT-BOOK : 

A Practical and Simple Introduction to the Study of Mechanics. By 
Professor Rankine and E. F. Bambeb, C.E. With Numerous Illns- 
trations. Crown 8vo, cloth, 9s. Foitrth Edition. 

•#• Tht '* Mechanical Text-Book " was duigiud by FrofUBOr BliiKJirB at an IjisBO- 
vuCTloH to the above Series of Manuals. 



VIL MISCELLANEOUS SCIENTIFIC PAPERS. 

Pvoyal 8vo. Cloth, 31s. 6d. 

Part I. Papers relating to Temperature, Elasticity, and Expansion of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations. Part III. Papers on Wave-Forms, Propulsion of Vessels, tc. 

With Memoir by Professor Tait, M.A. Edited by W. J. Millak, C.E. 
With fine Portrait on Steel, Plates, and Diagrams. 

** No more enduring Memorial of Professor Ritnkine could be deyised than the publica- 
tioB of these papers in an accessible form. . . , The Collection is most valuable oi 
account of the nature of his discoveries, and the beauty and completeness of his analysis. 
. . . The Volume exceeds in importance any work in the same department published 
IB our time." — Architect. 



SHELTON-BEY (W. Vincent, Foreman to the 

Imperial Ottoman Gun Factories, Constantinople) : 

THE MECHANIC'S GUIDE : A Hand-Book for Engineera and 
Aitizans. With Copious Tables and Valuable Recipes for Practical Use. 
niostrated. Saond EdUUm. Crown 8to. Cloth, 7/6. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, 
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8EC0JVD HDITIOJV, Bevised and Enlarged. 
In Large 8vo, Handsome cloth, SJfs. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 



BY 



HENRY ROBINSON, M. Inst. C.E., F.G.S., 

PBLLOW or king's COLLKGK, LONDON ; PROF. OF CIVIL BNGINBBRING, 

king's college, etc., etc. 

TIDlftb numetoua "BDloo&cuts, ano SijtBsnlne platen. 



Genkral Contents. 

Discharge through Orifices— Gauging Water by Weirs — Flow of Water 
through Pipes — The Accumulator — The Flow of Solids— Hydraulic Fresse» 
and Lifts — Cyclone Hydraulic Baling Press — Anderton Hydraulic Lift — 
Hydraulic Hoists (Lifts) — The Otis Elevator — Mersey Railway Lifts — City 
and South London Railway Lifts — North Hudson County Railway Elevator — 
Lifts for Subways — Hydraulic Ram — Pearsall's Hydraulic Engine — Pumping- 
Engines — Three-Cylinder Engines — Brotherhood Engine — Rigg's Hydraulic 
Engine — Hydraulic Capstans — Hydraulic Traversers — Movable Jigger Hoist — 
Hydraulic Waggon Drop — Hydraulic Jack — Duckham's Weighing Machine — 
Shop Tools — Tweddell s Hydraulic Rivetter — Hydraulic Joggling Press — 
Tweddell's Punching and Shearing Machine — Flanging Machine — Hydraulic 
Centre Crane — Wrightson's Balance Crane — HydrauUc Power at the Forth 
Bridge — Cranes — Hydraulic Coal-Discharging Machines — Hydraulic Drill — 
Hydraulic Manhole Cutter — Hydraulic Drill at St. Gothard Tunnel — Motors 
vrith Variable Power — Hydraulic Machinery on Board Ship — Hydraulic Points 
and Crossings — Hydraulic Pile Driver — Hydraulic Pile Screwing Apparatus — 
Hydraulic Excavator — Ball's Pump Dredger — Hydraulic Power applied to 
Bridges — Dock-gate Machinery — Hydraulic Brake — Hydraulic Power applied 
to Gunnery — Centrifugal Pumps — Water Wheels — Turbines — Jet Propulsion — 
The Gerard-Barr^ Hydraulic Railway — Greathead's Injector Hydrant — Snell's 
Hydraulic Transport System — Greathead's Shield — Grain Elevator at Frank- 
fort — Packing — Power Co-operation — Hull Hydraulic Power Company — 
London Hydraulic Power Company — Birmingham Hydraulic Power System 
— Niagara Falls — Cost of Hydraulic Power — Meters — SchOnheyder's Pressure 
Regulator — Deacon's Waste- Water Meter. 

" A Book of great Professional Usefulness." — Iron, 

%* The Seoohd Edition of the above important work has been thoroughly reviBed aoA 
bronght np to date, Haov new fpll-page Plates have been added — the number belnc 
Snoreaaed from 48 in the First Edition to C9 in the present 
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Royal Sao, Handsome Cloth, 2Ba. 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P., 

KmOHT OF THE IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA,* FRANCIS JOSEPH OF 

AUSTRIA; MEDJIDIK OF TURKEY; AND RISING SUN OF JAPAN; V1C»- 

PRESIDKNT OF THE INSTITUTION OF NAVAL ARCHITECTS. 

IViik numerous Blustrations and Tables, 

This work has been written for the purpose of placing in the hands of Naval Constructors, 
Shipbuilders, Officers of the Royal and Mercantile Marines, and all Students of Naval Science, 
a complete Treatise upon the Stability of Ships, and is the only work in &e English 
Language dealing exhaustively with the subject. 

In order to render the work complete for the purposes of the Shipbuilder, whether at 
borne or abroad, the Methods of Calculation introduced by Mr. F. K. Barnes, Mr. Gray, 
M. Rekch, M, Daymard, and Mr. Benjamin, are all given separately, illustrated bjr 
Tables and worked-out examples. The book contains more than 200 Diagrams, and u 
oUustrated by a large number of actual cases, derived from ships of all descriptions, bat 
•specially from ships of the Mercantile Marine. 

The work will thus be found to constitute the most comprehensive and exhaustive TreatUM 
tutherto presented to the Profession on the Science of the Stability of Ships. 



" Sir Edward Ree»'s ' Stability of Ships ' is invaluable. In it the Student, new 
io the subject, will find the path prepared for him, and all difficulties explained vdui the 
utmost care and accuracy ; the Ship-draughtsman will find all the methods of calculation at 
present in use fully explained and illustrated, and accompanied by the Tables and Forms 
employed ; the Shipowner will find the variations in the Stability of Ships due to diffisrences 
in forms and dimensions fully discussed, and the devices by which the state of his ships under 
all conditions may be graphically represented and easily understood ; the Naval Architect 
will find brought togemer and ready to his hand, a mass of information which he would other- 
wise have to seek in an almost endless variety of publications, and some of which he would 
^seibly not be able to obtain at all elsewhere." — Steatnskip. 

"This important and valuable work . . cannot be too highly recommended to 

»11 connected with shipping interests." — Iron. 

" This VERY important treatise, . . . the most intrlligiblb, instructivk, and 
complete that has ever appeared." — Nature. 

**The volume is an essential one for tha shipbuilding profession." — Wttttmnsier 
J(*view. 



COMPANION-TVORK. 



THE DESIGN AND CONSTRUCTION OF SHIPS. 

By JOHN HARVARD BILES, M.Inst.N.A., 

Professor of Naval Architecture in the University of Glasgow. 
In Preparation, 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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Foupteenth Bdltlon, Revised. IMoe ZIb. 

Dtrnf Svo, Cloth. With Nvmerom lUustrcUiom, rediteed firom 

Working Draiumigi. 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OP MARINE MACHINERY. 

By A. E. S E A T N, M. Inst. C. E., M. Inst. Mech. E., 
M.InstN.A. 



GENKRAL CONTKNTS. 



Part I.— Principles of Marine 
Propulsion. 

Part II.— Principles of Steam 
Engineering. 

Part III.— Details of Marine 
Engines : Design and Cal- 



culations for Cylinders, 
Pistons, Valves, Expansion 
Valves, &c. 

Part IV.— Propellers. 

Part v.— Boilers. 

Part VI.— Miscellaneous. 



*,* This Edition includes a Chapter on Watbk-Tdbb Boilebs, with Illustra- 
tions of the leading Types and the Revised Rules of the Bureau VtriUa. 

" In the three-fold capacity of enabling a Student to learn how to design, construct, 
and work a Marine Steam-Engine, Mr. Seaton's Manual has NO BITAL,"->-2¥)nu. 

"The important subject of Marine Engineering is here treated with the thosouoh- 
NES8 that It requires. No department has escaped attention. . . . Gives the 
results of much olose study and practical work."— fmitiwriiv. 

"By &r the BEST Manual m existence. . . . Gives a complete account of the 
methods of solving, with the utmost possible economy, the problems before the Marine 
Engineer."— vl<A«KBim. 

"The Student, Draughtsman, and Engiorer will find this work the HOR taluabls 
Handbook of Reference on the Marine Engine now in existence." — Uaritu Enginttr. 



Fifth Edition, Thoroughly Revised. With two New Diagrams and 

Numerous Additions. Pocket-Size, Leather. 8s. 6d. 

A POCKET-BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 

FOR THE USE OF 

JUarine Engineers, Naval Architects, Designers, Draughtsmen, 
Superintendents and Others. 

BY 

A. E. SEATON, M.I.O.E., M.I.Mech.E., M.I.N.A., 
H. M. ROUNTHWAITE, M.I.Mech.E., M.I.N.A. 

"Admirably fulfils its purpose."— JfaWw Enginger. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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WORKS BY PROF. ROBERT H. SMITH, Assoc.M.I.C.E. 

1(.XM.E., M.I.E1.E., M.I.Mln.E., Whit. Sch., ILOriMeiiL 



THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 

Applied to Technical Problems. 

WITH EXTENSIVE 

CLASSIFIED REFEEENCK LIST OP INTEGRALS. 
By PROF. ROBERT H. SMITH. 

ASSISTED BY 

K F. MUIRHEAD, M.A., B.Sc, 

Formerly Olark Fellow of Glasgow UniTerflity, and Lecturer on Mathematioi at 
Mason College. 

In Crown 8vo, txira^ with Diagrams and Folding -Plate. 8b. 6d. 

" Prop. B. H. Smith's book will be Bervicesble in rendering a hard road as easy ab fbactic- 
ABLB for the Don -mathematical Student and Engineer."— ^tAenceum. 

" Interesting diagxaniB, with practical illustrations of actual occurrence, are to be found here 
In abundance. The tbet complete classified BEFBfiENCB table will prove very useful izk 
saving the time of those who want an integral in a hurry."— TAc Engi/netr, 



MEASUREMENT CONVERSIONS 

(English and French) : 

28 GRAPHIC TABLES OR DIAGRAMS. 

Showing at a glance the MoTtTAL Conveksion of Measubemekts 

in Different Units 

Of Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantitiei 

of Work, Horse Powers, Temperatures, &o. 

For the use of Engineers, Surveyors, Architects, and Contractors. 

In 4to, Boards. 7s. 6d. 



*»* Prof. Smith's Conveesion-Tables form the most unique and com- 
prehensive collection ever placed before the profession. By their use much 
time and labour will be saved, and the chances of error in calculation 
diminished. It is believed that henceforth no Engineer's Office will be 
considered complete without them, 

'* The work is iittaluablb."— OoZtwri/ Gvardum. 

"Ought to be in evbet o£Qce where even occasional conversions are required ProU 

Suite's Tablbs form very excblleht cebces on results."— £Ieeerical Btvino. ' ' ' 

" Prof. Smith deserves the heartr thanks, not only of the Ekcisebb, but of the Oohhem-iai. 
WoBLD, for having smoothed the way for the adoftiok of the Metbic Btbtem of Meabcbbhbbt 
a subject which is now assuming great importance as a factor in maintaininir our hoid iinnn 
toebiqn <sakli^."—Tlu Machinery Marhtt. nw*-" uyuu 



LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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In Large Svo. Handsome Cloth. With Plates and llluslralions. 16s. 

AT HOME AND ABROAD. 

By WILLIAM HENRY COLE, M.Inst.O.K, 

Late Deputy-Manager, North-Wefltei-n Railway, India, 

Contmla. — Discussion o£ the Term "Light Railways."— English Railways, 
Rates, and Farmers. — Light Railways in Belgium, France, Italy, other 
European Countries, America and the Colonies, India, Ireland.— Road Trans- 
port as an alternative. — The Light Railways Act, 189G. — The Question of 
(lauge.— Construction and Working. — Locomotives and RoUine-Stock.— Light 
Railways in England, Scotland, and Wales. — Appendices and Index. 

*^Mr, W. H. Oolelias bronght togetlier . . . a labgb amount of valuable ini-'Okha- 
TlON . . . hitherto practically iDaccesaible to the ordinary reader." — Times. 

"TiiEEB ooDLD BK NO BKTTBR BOOK Of flrBt reference on its subject. All clasBea of 
Kngineera will welcome its appearance." — Scotsman, 



Thied 35D1TIOH, Rmitedand Enlarged. Pocket-Site, Leather, Vis, 6d.; al$o Larger Site far 
Office Vu, Cloth, 12j. 6ci 

Boilers, Marine and Land: 

THEIR CONSTRUCTION AND STRENGTH. 
A Hakdbook ov Bulbs, Fobmul.«:, Tables, &c., belatiye to MatkbiaIi, 

SOANTLIIIOS, AND PrESSUBES, SAFETY VALVES, SPBIKeS, 

Fittings and MouunNas, &o, 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILEU- MAKERS, 
AND STEAM USERS. 

By T. W. TRAILL, M. Inst. 0. E., F.E.R.N., 

Late Engineer Burrcyor-in-Chief to the Board of Trwle. 



•»* To THE Second and Third Editions many New Tables for Fbkssubbs 
up to 200 Lbs. per Square Inch have been added. 



"The most va.luabie work on Boilers published in Engl&nd."— Shipping World. 
"Contains an Ehoemodb Qdantitt op Ihpormatioh arranged in a yery convenient form. 
A MOST uaarDL tolvmb . . . mpplying information to be had nowhere elat."—The Engimmr. 

LONDON; CHARLES GRIFFIN & CO., IIMITEO, EXETER STREET, STRAND. 
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In Crown 8vo, extra, with Numerous Illustrations. [Shortly, 

GAS AND OIL ENGINES: 

AN INTRODUCTORY TEXT-BOOK 

On the Theory, Design, Constrnction, and Testing of Internal 
Combustion Engines without Boiler. 

FOR THE USE OF STUDENTS. 



Prof. W. H. WATKINSON, Whit. Sch., M.Inst.Mkch.K, 

Glasgow and West of Scotland Technical College. 



Engineering Drawing and Design 

(A TEXT-BOOK OF). 

Skcond Edition. In Two Parts, Published Separately. 

Vol. I.— Practical Geometry, Plane, and Solid. 3s. 

Vol. II. — Machine and Engine Drawing and Design. 4s. 6d. 

BY 

SIDNEY H. WELLS, Wh.Sc, 

A.M.IHST.C.S., A.M.IN8T.MBCH.B., 

Principal or the BaMersea Polytechmc Institnte, and Head of the Bnglneerins Department 

therein : formerly of the Engineennst Departments of the Yorkshire College 

Leeds ; and Dulwich College. London. 

With many Illustrations, specially prepared for the Work, and numerous 
Examples, for the Use of Students in Technical Schools and Colleges. 

QueliLrwThrnotSfng'tat p?£fe."^SSS" "'" ™""- ^« '"e many Example, and 

pa»;tfWjeXa°"n'^ot\'Sf£fre7a^5P"S^^^^^^^^^ 

^^ """"''" 'ffOEKiso-MAWims, /iscneoing fully eaoKep^ln-tho des£"-!S^tiS; 

. u " '^''i*".' ^'"'\ l™*"."*?!!^ Md KATDEAiLT towards the second, where the terhninl nnnil 
li brought into contact with large and more complex designs. "-rfteSoiloofiwler? ''°'™'"' •"""" 



LONDON : CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND. 
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MUNRO tt JAMIESON'S ELECTBICAL POCKET-BOOK. 

Thirteenth Edition, Revised and EnUiiged. 

A POCKET-BOOK 



ELECTKICAL RULES & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS. 

By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.E. 

With Numerous Diagrams. Pocket Size. Leather, 8s. 6d. 

GENERAL CONTENTS. 



Units of Measurement. 

Measures. 

Testing. 

Conductors. 

Dielectrics. 

Submarine Cables. 

Telegraphy. 

Electro-Chemistry. 



Electro-Metallurgy. 

Batteries. 

Dynamos and Motors. 

Transformers. 

Electric Lighting. 

Miscellaneous. 

Logarithms. 

Appendices. 



" Wonderfully Perfect. . . . Worthy of the highest commendatiofi we caa 
jive it." — £Ucirician, 

"The Sterling Value of Messn. Munro and Jamibsoh's Pockkt-Booic"— 
Eltctrical Revuiu. 



Electrical Measurements & Instruments. 

A Practical Hand-book of Testing for the Electrical 
Engineer. 

By CHARLES H. TEAMAN, 

AsBoc. iDBt. E.K, formerly Electrical Engineer to the Corporation of Liverpool. 

[In Preparation. 

Second Edition, 8s. 6d. Leather, for the Pocket, 8s. 6d. 

GRIFFIN'S ELECTRICAL PRICE-BOOK. 

For Electrical, Civil, Marine, and Borough Engineers, Local 

Authorities, Architects, Railway Contractors, &c., &e. 

Edited by H. J. DOWSING, 

Miember of tfie Institution 0/ Electrical Engineers ; ef the Society o/ Arts ; ^ the London 
Chamber efComtnefve, ^c. 

'* The Electrical Price-Book removes all mystery about the cost of Electrical 
Power. By its aid the expense that will be entailed by utilising electricity on a large or 
imall scale can be discovered." — Architect. 

"The value of this Electrical Price-Book cannot be over-bstimated. . . . Will 
save time and trouble both to the engineer and the business TRsxk." ^Machinery. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



OBARLSa 0RIFFI2T A CO.'S PUBLIOATIONB. 



By PROFESSORS J. H. POYNTING & J. J. THOMSON. 

In Large 8to. Fully Illustrated. 

A TEXT-BOOK OF PHYSICS: 

COMPBISINO 

PROPERTIES OF MATTER ; SOUND; HEAT; MAGNETISM 
AND ELECTRICITY; AND LIGHT. 

BY 

J. H. POYNTING, J. J. THOMSON, 

SC.D., F.B.S., AND ^■^•' '-^-S-i 

L>t« Fellow of Trinity College, Cambridge ; Fellow of Trinity College, Cambridge; Prot 

FrofeBsor of Physics, Mason College, of Experimental Physics in the UniTenltr 

BlrmlnKham. of Cambridge. 



Volume I., Now Ready, Price 8s. 6d. 

SO XJNI>. 

Con(enf«.— The Nature of Sound and ita chief Characteristics,— The Velocity of Sound 
in Air and other Media.— RefleciioQ and Refraction of Sound.— Frequency and Pitch of 
Notes.— Besonanco and Forced Oscillations.— Analysis of Vibrations.— The Transverse 
Vibrations of Stretched Strings or Wires.— Pipes and other Air Cavities.— Eoda.—Platof. 
— Membranes. — Vibrations maintained by Heat. — Sensitive Flames and Jets. — Musical 
Sand. — The Superposition of Waves.— Index. 

%* Publishers' Note. —It is intended that this impoetant and long-expectbd 
Tbeatise shall be issued in separate Volumes, each complete in itself, and 
published at regular intervals. 



In large 8vo, with Bibliography, Illustrations in the Text, and seven 
Lithographed Plates, 12s. 6d, 

THE MEAN DENSITY OF THE EARTH: 

An Essay to which the Adams Prize was adjudged in 1893 in 
the University of Cambridge. 

BY 

J. H. POYNTING, Sc.D., F.R.S., 

Late Fellow of Trinity College, Cambridge; Professor of Physics, Mason 

College, Birmingham. 

** An account of this subject cannot fail to be of gbbat and qbhibal iittbbbbv to the scientlDa 
mind. Kapecialtv is this the case when the account is given by one who has contributed so 
oonsiderabV aa has Prof. Poynting to our present state of knowledge with respect to a very 
difficult subject. . . . Remarkably has Newton's estimate been verified by Prof. Poyntiug."— 

LONDON; CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



JUADTIOAL WORKS. 4S 



§6. GRIFFIN'S NAUTICAL SERIES. 

Edited by EDW. BLACKMORE, 

Maater Mariner, Xtrat Class Trinity Honge Certificate, Assoc. Inst. N.A. ; 

And Wbitten, mainly, by Sailoss for Sailobs. 



" Thl» ADMERABM STtKiES." —Fairplay. " A VBKT csEFm SgRiKS."— yotu«. 

" The TOliunes ol Messrs. Gbiipin's Natjtioai Sbries may well and profitably be 
read by ALL interested In our NATIONAL MAKFTIUB prooress."— Jfarine Engineer. 

" STKRr Ship should have the whole Series as a Heferenoe Library. Hani>- 
80HELT BOUND, CLEARLY PRINI'ED and ILLDBTRATBD." — Liverpool Joum. vf Commerce. 



The British Mercantile Marine : An Histoncal Sketch of its Rise 

aiul DevelopmenV By the Editor, Capt. Blaceuoke. 3b. ed. 

" Captain Blaokmore's SPLENDID BOOK . . . contains paragraphs on every point 
of interest to the Merchant Marine. The 243 pages of this book ai'o THE MOST valu- 
able to the sea captain that have ever been compiled."— ifercAoiit Henrux Heinem. 

Elementary Seamansllip. By D. Wilson-Bakker, Master Mariner, 
F.R.S.E., l''.E..G.S. With numerous Plates, two in Colours, and ITrontlapiece. 
Second edition, Eevised. 6s. 
" This admirable manual, by Capt. Wilson Barber, of the ' Worcester,' seema 

to us PERFECTLY DESIGNED. "—.dtAetUSUm. 



Know Your Own Ship : A Simple Explanation of the Stabihty, Con- 
struction, Tonnage, and freeboard of Ships. By Xhob. WALTON, Naval Architecu 
With numerous Illustrations and additional Chapters on Buoyancy, liuu, ami 
Calculations. i'ouRTH Edition, Hevised. 7s. fid. 
"Mb. Walton's booli will be found very useful, "—2'A« Mnuinaii: 



The Construction and Maintenance of Vessels built of Steel. 

By Thos. Walton, Naval Architect. ISharUy. 



Navigation : Theoretical and Practical. By D. Wilson-Baekek, 

Master Mariner, &c., and William Allinoham. 3s. 6d. 

"Precisely the kind of work required for the New Certificates of competency. 
Candidates will find it INVALUiSLB."— Himttei! Advertiser. 

Latitude and Longitude : How to find them. By W. J. Millak, 

C.E., late Sec. to the Inst, of Engineers and Shipbuilders in Scotland. 28. 
" Cannot but prove an acquisition to those studying Navigation."— ilforine Engineer. 

Practical Mechanics : Applied to the requirements of the Sailor. 
By Thos. Mackenzie, Master Mariner, r.Il.A.S. 3s. 6d. 
" Well worth the money . . . exceedingly helpfdi."— S&isj"'"!7 World. 

Marine Meteorology: For Officers of the Merohaia favy. By 

WILLIAM ALLIHOHAM, First Class Honours, Navigation, Science and Art Department. 

_^ lonortty. 

Trigonometry : For the Young Sailor, &o. By Rich. C. Buck, of the 
Thames Nautical Training College,Ta[.M.S. "Worcester." Price 3s. 6d. 
"This EMINENTLY PRACTICAL and RELIABLE volume. —Schoolnuteter. 

Practical Algebra. By Rich. C. Buck. Companion Volume to the 
above, for SaUors and others. Price Ss. Od. „ „„.,,..„, «„„„,rf_, 

■■ It is just the book for the you ng sailor mmdfnl o f progress. —NautKOl Magazme. 

The Legal Duties of Shipmasters. By Benedict Wm. Ginsburo. 

M.A° LL.D., of the Inner Temple and Northern Circuit: Bamster-at-Law. 
"Invaluable to Masters. . . . We can fully reco mmend it."-SatRpiJW Qazette. 

A Medical and Surgical Help for Shipmasters. Including First 

™dit sea. By WM JOHNSON Smith, F.E.C.S., ftincipal Medical Officer, liaman's 
Hospital, Greenwich. 6s. „ .„. , 

" SOUND, JUDICIOUS, REALLY HELPFUL. —The Lancet. 

LONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. STRAND. 



46 0SAMLB8 OXimir S OO.'B PUBLIOATIOMM. 

GRIFFIN'S NAUTICAL SERIES. 

Price Ss. 6d. Post-free. 

British Mercantile Marine. 

By EDWARD BLACKMOKE, 

MASTER MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITECTS; 

MEMBER OF THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 

IN SCOTLAND ; EDITOR OF GRIFFIN'S " NAUTICAL SERIES," 

General Contents.— Historical : ■From Early Times to 1486— Progreso 
under Henry VIII.— To Death of Mary— During Elizabeth's Reign— Up to 
the Keign of William III.— The 18th and 19th Centuries— Institution on 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free Trade— Shipping Legislation, 1862 to 1875— " Locksley Hall" Case- 
Shipmasters' Societies— Loading of Ships— Shipping Legislation, 1884 to 1894 — 
Statistics of Shipping. The Personnel : Shipowners— Officers— Mariners-;- 
Dnties and Present Position. Education : A Seaman's Education : what it 
should be— Present Means of Education— Hints. Discipline and Duty- 
Postscript — The Serious Decrease in the Number of British Seamen, a Matter 
deman(Ung the Attention of the Nation. 

" Interesting and Insteuctivb . . . may be read with profit and knjotmkht."— 
Qlatgow Herald. 

'•EvEBT BEAKCa of the Bubject is dealt with in a way which shows that the writer 
'knowB the ropes' familiarly." — Scotsman. 

"This ADUIBABLE book . . . TESMB with UBeful information— Should be in th» 
hands of every 8a,i\or."— Western Morning News. 



WORKS BY RICHARD C. BUCK, 

of the Thames Nautical Training College, H.M,S. ' Worcester.' 

1. A Manual of Trigonometry: 

With Diagrams, Examples, and Exercises. Post-free Ss. 6d. 

*„* Mr. Buck's Text-Book ha.s been specially prepared with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 

"Thia eminently i-eactical and beliable volume." — Schoolmaster. 

2. A Manual of Algebra. 

Designed to meet the Requirements of Sailors and others. Price Ss, 6d. 

%• These elementary works on algeura and tkigonowbtry are written specially for 
those who will have little opportunity of consulting a Teacher. They are books for "bblb^ 
HELP." All but the flimplesc explanations have, therefore, been avoided, and answbbs fro 
the Exercises are given. Any person may readily, by careful study, become master of their 
contents, and thus lay the foundation for a further mathematical course, if desired. It it 
hoped that to the younger OfQcers of our Mercantile Marine thpy will be found decidedly 
ierviceable. The Examples and Exercises are taken from the Examination Papers set for 
the Oadeta of the "Worcester." 

%* For complete List of GEiFi-ra's Nautical Sbeibb, see p. 45. 
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GRIFFIN'S NAUTICAL SERIES. 

Second Edition. Price 5s. Post-free. 

ELEMENTARY SEAMANSHIP. 

BT 

D. WILSON-BARKER, Master Mariner; F.R.S.E., F.R.G.S.,&c.,&c. j 

YOUNOSR BROTHER OF THE TEISITT HOUSE. 

With Frontispiece, Twelve Plates (Two in Colours), and Illustrations 
in the Text. 

General Cohtents. — The Building of a Ship; Parts of Hull, Masts^ 
4c.— Ropes, Knots, Splicing, &c. — Gear, Lead and Log, &o. — Rigging, 
Anchors — Sailmaking — The Sails, &c — Handling of Boats \uider Sail — 
Signals and Signalling — Rule of the Road— Keeping and Relieving Watch — 
Points of Etiquette — Glossary of Sea Terms and Phrases — Index. 

%* The volume contains the new bgles of the boad. 

" This ADMIRABLE HANUAL. by Oapt. Wilson-Bakkeb ot the " WorceBter," seema to us 
rBBTBCTLT DBBiGNED. and holds its place excellently in ' (jbiffut'b Nadtical Sebibb,' . . . 
AlthoQgh intended for thOBe who are to become OflBcers of the Merchant Navy, it will be 
found useful by all yachtshek." — Alhenaum, 

" Five shillingB will be well spent on this little book. Capt. Wu.soh-Babkeb knows 
from experience what a young man wants at the outset of his career.'* — The Engineer. 



Price Ss. 6d. Post-free. 

:NAViaATIO]S^: 

By DAVID WILSON-BARKER, R.N.R., F.R.S.E., kc, kc, 

AND 

WILLIAM ALLINGHAM, 

FIRST-CLASS HOHOFRS, NAVIGATION, SCIENCE AND ART DEPARTMENT. 

"DDHtb flumerous Jlluatratlons an& lEjaminatioii (SlueBtfons. 

General Contents.- Definitions — Latitude and Longitude— Instruments 
of Navigation — Correction of Courses— Plane Sailing — Traverse Sailing— Day's 
Work — Parallel SaiUng — Middle Latitude Sailing — Mercator's Chart — 
Mercator Sailing — Current SaiUng — Position by Bearings— Great Circle Sailing 
— The Tides— Questions — Appendix: Compass Error — Numerous Useful Hints, 
&c. — Index* 

*' Pbeciselt the kind of work required for the New Certificates of competency in grades 
from Second Mate to extra Master. . Candidates will find it invaluable."— i>undi« 

Advertiter. 

"A CAPITAL UTTLK BOOK . . . specially adapted to the New ExaminatioDS. The 
Anthors are Oapt. "WlLflON-BAEKKR (Captain-Superiniendent of the Nautical College, H.M.8. 
" Worcester," who has bad great experience in the highef t problems of Navigation), and 
Mb. Allihohau, a well-known writer on tlie Science of Navigation and Nautical Astronomy. " 
— Shipping World. 

\* For complete List of Gbipfin'b Nautical Series, Bee p. 45, 
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GRIFFIN'S NAUTICAL SERIES. 

Crown 8vo, with Numerous Illustrations. Handsome Cloth. 3b. 6d. 

Practical Mechanics: 

Applied to the Eeguirements of tlie Sailor. 
By THOS. MACKENZIE, 

Master Mariner, F.R.A.S. 

General Contents. — Resolution and Composition of iForces — Work done 
by Machines and Living Agents — The Mechanical Powers : The Lever ; 
Derricks as Bent Levers — The Wheel and Axle : Windlass ; Ship's Capstan ; 
Crab Winch— Tackles : the " Old Man "—The Inclined Plane ; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, Manilla, Hemp, Coir — Derricks and Shears — Calculation of the 
Cross-breaking Strain of Fir Spar — Centre of Effort of Sails — Hydrostatics: 
the Diving-bell ; Stability of Floating Bodies ; the Ship's Pump, &c. 

" This excellent book . . . contains a large amoitnt of information." 
— Nature. 

" Well worth the money . . . vriU be found exceedingly hblpeol." — 
Shipping World. 

" No Ships' Ofmceks' bookcase will henceforth be complete without 
Captain Mackenzie's ' Practical Mechanics. ' Notwithstanding my many 
years' experience at sea, it has told me Jiow much more there is to acquire," — 
{Letter to the Publishers from a Master Mariner). 

" I must express my thanks to you for the labour and care you have taken 
in 'Practical Mechanics.' . . . It is a life's experience. . . . 
What an amount we frequently see wasted by rigging purchases without reason 
and accidents to spars, &c., &c. ! ' Practical Mechanics' would saw all 
this." — (Letter to the Author from another Master Mariner). 



Crown 8vo, with Diagrams, is. Post-free. ' 

Latitude and Longitude: 



Ho^vir to Fin*! -tla. 



exxi. 



By W. J. MILLAR, C.E., 

Late Secrelary to the Inst, of Engineers and Shipbuilders in Scotland^ 

" Concisely and clearly written . . . cannot but prdve an acquisition 
to those studying Navigation." — Marine Engineer. 

" Young Seamen vrill find it handt and useful, simple and oleab "—The 
Engineer. 

*»* For Complete List of Griffin's Nautical Series,, see p. 45. 
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GRIFFIN'S NAUTICAL SERIES. 

In Crown 870. Handsome Cloth. 4s. 64. Post-free. 

THE LEGAL DUTIES OF SHIPMASTERS. 



BENEDICT WM. GINSBURG, M.A., LL.D. (Cantab.), 

Of the Inner Temple and Northern Circuit ; Barrister-at-Law. 

General Contents.— The Qualification lor the Position of Shipmaster— The Con- 
tract with the Shipowner — The Master's Duty in respect of the Crew : Engagement ; 
Apprentices; Discipline ; Provisions, Accommodation, and Medical Comforts ; Payment 
of Wages and Discharge— The Master's Duty in respect of the Passengers— The Master's 
Financial Kesponsibilities— The Master's Duty in respect of the Cargo — The Master's 
Duty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Master's Duty in relation to Pilots, Signals, Flags, and Light Dues— The Master's Duty 
upon Arrival at the Port of Discharge- Appendices relative to certain Legal Matters : 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, load Line Regula- 
iione. Life-saving Appliances, Carriage of Cattle at Sea, Ac, i&c.— Copious Index. 

" No intelligent Master should fall to add this to his list of useful and necessary books. 
The price (4s. 6d.) cannot be quoted as an excuse for non-possessfon, and a few lines of it 
may save a lawtkh's fhb, bbbidbs endlbsb YfoiiRY.'''— Liverpool Jouimal of Commerce. 

" Sensiblk, plainly written, in clkas and non-teohnical language, and will be found of 
MUCH SERVICE by the Shipmaster." — British Trade Review. 



FIRST AID AT SEA. 

With Coloured Plates and Numerous Illustrations. 6s. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

BY 

WM. JOHNSON SMITH, r.R.C.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

%* The attention of all interested in our Merchant Navy is requested to this exceedingly 
asefal and valuable work. It is needless to say that it is the outcome of many years 
PRACTICAL sxPBitiENCE amongst Seameo. 

"Sound, JUDicions, really hklpfcl." — The Lancet. 



MARINE METEOROLOGY 

FOR OFFICERS OF THE MERCHANT NAVY. 

BY 

WILLIAM ALLINGHAM, 

Joiat-Author of " Navigation, Theoretical and Practical." 

[In Preparation. 
*»* For Complete List of Geifpin's Nautical Seeies, see p. 45. 
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so CHARLEB ORIFFIN * OO.B PUBLWATIONB. 

GRIFFIN'S XAUTICAL SERIES. 

Fourth Edition. Revised throughout, with additional Chapters on 

Trim, Buoyancy, and Calculations. Numerous Illustrations. . 

Handsome Cloth, Crown Svo. 7s. 6d. 

KMOW Y0UB own SHIP. 

By THOMAS WALTON, Naval Architect. 

SPECIALLY AEBANGBD TO SUIT THE RBQUIEEMENTS OP SHIPS' OPPICEKS, 

SHIPOWNERS, SUPERINTENDENTS, DRAUGHTSMEN, ENGINEERS, 

AND OTHERS. 

This work explains, in a simple manner, such important 
Bubjects as : — 

Displacement, Deadweight, Tonnage, Freeboard, Moments, 

Buoyancy, Strain, Structure, Stability, KoUing, Ballasting, 

Loading, Shifting Cargoes, Admission of Water, 

Sail Area, &c., &c. 

" The little book will be found exceedingly handy by most officers and 
officials connected with shipping. . . . Mr. Walton's work will obtain 
lasting success, because of its unique fitness for those for whom it has been 
written." — Shipping World. 

" An excellent work, full of solid instruction and invaluable to every 
officer of the Mercantile Marine who has his profession at heart." — Shipping. 

" Not one of the 242 pages could well be spared. It will adniirably fulfil its 
purpose . . . useful to ship owners, ship superintendents, ship draughts- 
men, and all interested in shipping." — Liverpool Journal of Corwmerce. 

" A mass of very useful information, accompanied by diagrams and illus- 
trations, is given in a compact ioTTa."—Fairplay. 

" A large amount of MOST useful information is given in the volume. 
The book is certain to be of great service to those who desire to be thoroughly 
grounded in the subject of which it treats." — Steamship. 

" We have found no one statement that we could have wished differently 
expressed. The matter has, so far as clearness allows, been admirably con- 
densed, and is simple enough to be understood by every seaman." — Marine 
Mlngineer. 



By the Same Author. 
In Preparation. 

THE CONSTRUCTION AND MAINTENANCE 
OF VESSELS BUILT OF STEEL. 

lUnxIrattd irith Numerous Plates and Diagrams. 
*,* For Complete List of Griffin's Nautical Series, see p. 45. 
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OBOLOOY, MINING, AND MSTALLUROT. 51 

§§7-8. Griffin's Geological, Prospecting, Mining, and 
Metallurgical Publications. 



Geology, Stratigraphieal, K. Ethbridgb, f.r.s., . 
„ Physical, . . Prof. H. G. Seeley, . 
„ Practical Aids, 3rd Ed., Prop. Geenville Oole, 

„ Open Air Studies, • „ 

Griffin's "New Land"^Series | ^a. by Prof. Cole, . 

1. Prospecting for Minerals, S. Herbert Cox, A.R.S.M., 

2. Food Supply, RoBT. Bruce, 



3. New Lands and their) 
tages, . . ) 



Prospective Advan-VH. K. Mill, d.Sc, F.r.s.E 



M.. 



4. Building Construction, Prof. Jas. Lyon, 
Ore and Stone Mining, 2nd Ed., Prof. Lb Neve Foster, 
Elementary Mining, . ■ „ „ 
Coal Mining, 3rd Ed., . H. W. Hughes, F.G.S., 
Petroleum, .... Redwood anb Holloway, 
Mine-Surveying, 6th Ed., . Bennett H. Brough, A.R.S, 
Blasting and Explosives, O. Guttmann, A.M.I.C.E., 
Mine Accounts, ■ • • Pkop. J. G. Lawn, 
Metallurgy (General Treatise | ph„,ups andBaueeman, 

on), 3rd Ed., J 
,, (Elementary), Prof. Humboldt Sexton, 

Assaying, 5th Ed., . . J. J. <fe C. BERixfiBR, . 

^ -^ . ^/r .L ,1 ■ 1 c • fEd. by Prof. Roberts-Austen 
Griffin's Metallurgical Series I c.b.^ p.R.S., 

1. Introduction to Metal- "I. p^^^ Roberts- Austen, 

lurgy, 4th Ed., . J 

2. Gold, Metallurgy of, \-q^ ^^^^^ -^^^^ A.R.s.M. 

3rd Ed., ... J 

3. Iron, Metallurgy of, . Thos. Turner, A.R.S.M., 
4 Steel „ • P- ^- Harbord, A.R.S.M., 

5. Silver and Lead, „ . H. F. Collins, A.R.S.M., 

6. Metallurgical Machinery, H. C. Jenkins, A.R.S.M., 
Getting Gold, 2nd Ed., . J. C F. Johnson, F.G.S., 
Electric Smelting and I Borchers and McMillan, 

Refining, ■ ■ • [ 

Tables for Quantitative 1 j ;^^^^^ Morgan, 

Metallurgical Analysis, J ^ ^ ,^ „ _,,^ 

Electro-MetaUurgy, . W. G. McMillan, F.I.C, 

Goldsmith and J eweller's Art. Thos. B. Wiolet, . 
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5* CHARLES GRIFFIN A VO.'S PUBLICATIONS. 

Demv 8vo, HaridaoTne cloth, 18b. 

Physical Geology and Palseontology, 

CJV THE BASIS OF PHILLIPS. 

BY 

HARRY GOVIER SEELEY, F.R.S., 

PROFESSOR OF CEOCRATHY IN KIHC'S COIXBCB, LOHDOM. 

TOKb frontispiece in CbcomosXitbograpbs, and ^UuBtrations. 



" It is impossible to ptaise too highly the research which FsOFESSOK Seklby'* 
• Physical Geolcmsy ' evidences. It is far moke than a Text-bcx)k — ^it ia 
a Directory to the Student in prosecuting his researches." — Presidential Ad- 
dras to the Geological Society, 1885, by Rev. Prof. Bonney, D.Sc. , LL.D., F.R.S. 

" Professor Seeley maintains in his ' Physical Geology ' the h^b 
reputation he already deservedly bears as a Teacher." — Dr. Htnry Wood- 
ward, F.R.S. , in the " Geological Uagatim." 

" Professor Seeley's work includes one of the most satisfactory Treatiie» 
on Lithol<^ in the English language. ... So much that is not accessible 
in other works is presented in this volume, that no Student of Geology can 
afford to be without it." — American foumal of Engineering. 



Demy Svo, Handsome cloth, SJfs. 

StratigrapWcal Geolo^ & Paleontology, 

OJV THE BASIS OF PHILLIPS. 

BY 

ROBERT ETHERIDGE, F. R. S., 

or THB HATURAL HIST. DEPARTMENT, BRITISH HUSEUU, LATE PAL^BONTOLOCIST TO TMB 

CBOLOCICAL SURVEY OP GREAT BRITAIN, PAST PRESIDENT OF THK 

CEOLOGICAL SOtlBTY, ETC. 

Tmitb Aap, Tlumetoud HablCB* an5 XTbirt^^sIx platen. 



" N* such compendium of seologicsd knowledge has ever been brought together beJw*,"— 
WmrttHtHsUr Retnevu. 

' * If Prof. Shelby's volume was remarkable for its originality and fhe breadth of its vieWL 
Mr. Ethkridge fully justifies the assertion made in his preface that his book differs is cen* 
Anzction and detail from any known manual. . . . Must take high rank amokg womn 
OF KKFERKKCfL"— At Adtuntm. 
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Works by GRENVILLE A. J. COLE, M.R.I.A., F.G.S., 

Profttsor of Geolocy in the Royal College of Sdence for Ireland. 



PRACTICAL GEOLOGY 

(AIDS IN): 

lyiTH A SECTION ON PALEONTOLOGY. 

By professor GRENVILLE COLE, M.RJ.A., F.G.S. 

Third Edition, Revised and in part Re-written. With Frontispiece 
and Illustrations. Cloth, los. 6d. 



GENERAL CONTENTS.— 
PART I.— Sampling of the Earth's Crust. 
PART II.— Examination of Minerals. 
PART III. — Examination op Rocks. 
PART IV.— Examination of Fossils. 

'* Prof. Cole treats of the examination of minerals and rocks in a way that has neve* 
been attempted before . . . deserving of the highest rRAlss. Here indeed are 
'Aids' INHUHEKABLB and INVALUABLE. All the directions are giren with the utmost clear- 
ness and precision," — Atkenaum. 

" To the vounger workers in Geology, Prof. Cole's book wil be as iHDisrEHSAiLE as a 
dictionary to the learners of a language."— .fatertib^ Revirw. 

'"That the work deserves its title, that it is full of 'Aids,' and in the highest degree 
■ FEACTICAL,' will be the verdict of all who use it" — Nature. 

" This EXCBLJ.ENT MANUAL . . . will be A VERY GREAT HELP. . . . The section. 

•B the Examination of Fossils is probably the best of its kind yet published. . ■ . Full 
•f well-digested information from the newest sources and from personal research." — Annal* 
t/Nmi. Hittny. 



OPEN-AIR STUDIES; 

An IntFoduction to Geology Out-of-doops. 

By PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S. 

With 12 Full-Page Illustratiotu from Photographs, 
Cloth. %s. dd. 

For details, see p. 86. 



Edited by PROFESSOR COLE. 

The "New Land" Series for Colonists and Prospectors 

(See next page). 
LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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The "New Land" Series 

or 

Practical Hand-Books 

FoF the Use of Prospectors, Explorers, Settlers, 

Colonists, and all Interested in the opening 

up and Development of New Lands. 

EDITED BY 

GRENVILLE A. J. COLE, M.R.I.A., F.G.S., 

Professor of Geology in the Eoyal College of Science for Ireland. 
Large Crown 8vo, Cloth or Leather, with Illustrations. 



Vol. 1.— prospecting FOR MINERALS. By S. 
Herbbbt Cox, Assoc.R.S.M., M.Inst.M.M., F.G.S. Cloth, 
5s. ; Leather, rounded corners, 6s. 6d. 

" If the Bucceeding volumes of the Nbw Lasd Series are equal in merit ti the FirsN 
-we must congratulate the Publishers on succesBfnlly Ulling up a gap in existing literature." 
— Mining Journal. 

Vol. 2.— pood SUPPLY. By Robert Bruce, Agricultural 
Superintendent to the Royal Dublin Society. With many 
Engravings and Photographs. Cloth, 4s. 6d. 

'* Bristles with information."— Faz-nitrj' Gazette. 

IN PREPARATIOX. 

Vol. 3.— new LANDS AND THEIR PROSPECTIVE 
ADVANTAGES. By Hugh Robert Mill, D.Sc, 
F.R.S.E., Librarian to the Royal Geographical Society. 

Vol 4.— building CONSTRUCTION in WOOD, STONE, 
AND CONCRETE. By Jas. Lyon, M.A., Professor of 
Engineering in the Royal College of Science for Ireland ; 
sometime Superintendent of the Engineering Department in 
the University of Cambridge; and J. Taylor, A.R.C.S.I. 



\* Other Volumes will follow, dealing with subjects of 
Peimaey Importance in the Examination and Utilisation of 
Lands which have not as yet been fully developed. 

LOMDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S "TNTEW LAND" SERIES . 

Now Heady. With Illustrations. Price in Cloth, 5s. ; strongly bound in 
Leather, 6s. 6d. 

PROSPECTING FOR MINERALS. 

A Practical Handbook for Prospectors, Explorers, Settlers, and all 
interested in the Opening up and Development of New Lands. 

BY 

S. HERBERT COX, Assoc.R.S.M., M.Inst.M.M., F.G.S., <fec. 

Generax Contents. — Introduction and Hints on Geology — The Determina- 
-tioo of MineraU : Use of the Blow-pipe, &c. — Rook-forming Minerals and Nou- 
Metallic Minerals of Commercial Value : Rock Salt, Borax, Marbles, Litho- 

fraphic Stone, Quartz and Opal, &c.. &c. — Precious Stones and Gems — Stratified 
)eposits : Coal and Ores— Mineral Veins and Lodes — Irregular Deposits — 
Dynamics of Lodes : Faults, &o. — Alluvial Deposits— Noble Metals : Gold, 
Platinum, Silver, & c. — Lead — Mercury — Copper — Tin — Zinc — Iron — Nickel, 
&c. — Sulphur, Antimony, Arsenic, &6. — Combustible Minerals — Petroleum — 
General Hints on Prospecting— Glossary — Index. 

"This ADMIBABLE UTTLK WORK . . . written with SOIENTIPIO AOOnRAOY in B 

OLEAB and LUOis style. . . . An important addition to technical literature . . . 
will be of value not only to the Student, but to the experienced Prospector." — Mining 
Journal. 



NOW BEADY. Vol II. With many Engravings and Pliotographs. 
Cloth, 4s. Od. 

I^OOD SUPPLY. 

By ROBERT BRUCE, 

Agricultural Suporintendent to the Royal Dublin Socift* 
With Appendix on Preserved Foods by C. A. MiTCiiKr,!,, B.A., F.LC. 
General Contents. — Climate and Soil — Drainage and Rotation of 
Crops — Seeds and Crops — Vegetables and Fruits— Cattle and Cattle- 
Breeding— Sheep and Sheep Rearing — Pigs — Poultry — Horses — The Dairy 
— The Farmer's Implements — The Settler's Home. 
" Bkisxles with infokmation." — Farmefi' Gazette. 

Second Edition. With Illustrations. Cloth, 'is. Qd. 

GETTING GOLD: 

A GOLD-MINING HANDBOOK FOR PRACTICAL MEN. 
By J. C. F. JOHNSON, E.a.S., A.I.M.E., 

Life Member Australasian Mine-Managers' Association, 
(jENKitAL Contents. — Introductory: Getting Gold — Gold Prospecting 
(Alluvial and G eneral) — Lode or Reef Prospecting — The Genesiology of Gold — 
Auriferous Lodes — ^Auriferous Drifts — Gold Kxtraction — Secondary Processes 
and Lixiviation — Calcination or "Roasting "of Ores — Motor Power audits 
Transmission — Company Formation and Operations — Rules of Thumb : Mining 
Appliances and Methods— Selected Data for Mining Men— Australasian Mining 
Regulations. 

" Practical from bej?inning to end . . . deals thoroughly with the Prospecting, 
.Sinking, Crushing, and ISxtraction of gold." — BHt. Aicstralaaian. 

LONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. STRAND. 
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ORE & STONE MINING. 

BY 

C. LE NEVE FOSTER, D.Sa, F.R.S., 

rROFBSSOR OK UINIHC. ROYAL COLLKCH BF SCIENCE H.M. INSPECTOR OP UINU. 

Third Edition. With Frontispiece and 716 Illustrations. 34s. 



" Dr. Foster's book was expected to be epoch-making, and it fully justifies such expec- 
tation. ... A MOST ADMIRABLE account of the mode of occurrence of practically ALL 
KNOWN HIHRRALS. Probably stands unrivalled for completeness." — Tk€ Mining y^urmtl. 

GENERAL CONTENTS. 
INTRODUCTION. Mode of Occurrence of Minerals : Classification: Tabular 



V Ullb, f ICCBbUllC^ VJI WJIA V^«C( VIXcli^LllLCf VJI J> |JDUiiif A\jij( .11 V (I va^f .ajbuu. ^_iaEf .tia.naaKo.ajEin:' 

Ore, Mica, Natural Gras, Nitrate of Soda, Ozokerite, Petroleum, Phosphate of Lime, 
Potassium Salts, QuicksilTer Ore, Salt, Silver Ore, Slate, Sulphur, Tin Ore, Zmc Ore. 
Faults. Prospecting: Chance Discoveries — Adventitious Finds — Geoloey as a 
Guide to Minerals— Associated Minerals— Surface Indications. Boring: uses of 
Bore-boles— Methods of Boring Holes: i. By Rotation, ii. By Percussion with Kods, 
iii. By Percussion with Rope. Breaking Ground : Hand Tools — Machinery- 
Transmission of Power — Excavating Machinery : i. Steam Diggets, ii. Dredges, 
iii. Rock Drills, iv. Machines for Cutting Grooves, v. Machines for Tunnelling — 
Modes of using Holes — Driving and Sinking — Fire-setting — Excavating by Water. 
Supporting Excavations: Timbering— Masonry— Metallio Supports — Watertight 
Linings— Special Processes. Exploitation : Open Works :— Hydraulic Mining — 
Excavation of Minerals under Water — Extraction of Minerals by Wells and Bore- 
holes—Underground W orkings— Beds— Veins— Masses. Haulage or Transport: 
Underground: by Shoots, Pipes, Persons, Sledges, Vehicles, Railways, Machinery, 
Boats— Conveyance above Ground. Hoisting or Winding : Motors, Drums, and 
Pulley Frames— Ropes, Chains, and Attachments— Receptacles— Other Appliances — 
Safety Appliances — Testing Ropes — Pneumatic Hoisting. Drainage : Surface Water 
— Dams— Drainage Tunnels — Siphons — Winding Machinery — Pumping Engines 
above ground — Pumping Engines below ground — Co-operative Pumping. Ventila- 
tion: Atmosphere of Mines — Causes of Pollution of Air — Natural Ventilation — 
Artificial Ventilation ; i. Furnace Ventilation, ii. Mechanical Ventilation — Testing 
the Quality of Air — Measuring the Quantity and Pressure of the Air — Efficiency of 
.. Ventilating Appliances — Resistance caused by Friction. Lighting : Reflected 
Daylight — Candles — Torches — Lamps— Wells Light— Safety Lamps— Gas — Electric 
Light. Descent and Ascent : Steps and Slides— Ladders— Buckets and Cages — Man 

Engine. Dressing : i. Mechanical Processes ii. Processes depending on Physical 

Properties— iii. Chemical Processes— Prlnelples of Employment of Mining Labour 
—Legislation aifeeting Mines and Quarries. Condition of the Miner— 
Aeeldents. 

' "This EPOCH-MAKING work . , . appeals to men of experience no less than to 
students." — Berg- und HUttenmiinnische Zeitung. 

" This SPLENDID WORK." — Oesttrr. Ztackrft. fiir Berg- und Huttenwesen. 

ELEMENTARY MINING AND QUARRYING 

(An Introductory Text-book). 
By Prof. 0. LE NEVE EOSTEE, F.R.S. 

In Crown 8vo. With Illustrations. [Shortly. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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COAL-MINING (A Text-Book of): 

FOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENGAGED IN COAL-MINING. 

BY 

HERBERT WILLIAM HUGHES, F.G.S., 

Assoc. Royal School of Mines, General Manager of Sandwell Park Colliery. 
Third Edition, /n Demy %vo. Handsome Cloth. With very Numerous 

Illustrations, mostly reduced from Working Drawings, Price i8j. 
"The details of colliery work have been fully described, on the ground that 
collieries are more often made remunerative by perfection in small matters 
than by bold strokes of engineering. ... It frequently happens, in particular 
localities, that the adoption of a combination of small improvements, any of 
which viewed separately may be of apparently little value, turns an unprofitable 
concern into a paying one,"- — Extract from Author's Preface. 



GENERAL CONTENTS. 

Gteology : Rocks -Faults — Order of Succession — Carboniferous System in Britain. 
Oonl : Definition and Formation of Coal— Classification and Commercial Value of Coalt. 
Beatoh for Ooal : Boring — various appliances used — Devices employed to meet Difficulties 
of deep Boring — Special methods of Boring— Mather & Piatt's, American, and Diamond 
systems — Accidents in Boring — Cost of Bormg— Use of Boreholes. Breaking G-round; 
Tools — Transmission of Power Compressed Air, Electricity — Power Machine Drills— Coai 
Cutting by Machinciy— Cost of Cca ICutting— Explosives— Blasting in Dry and Dusty 
Mines— Blasting by Electricity — Various methods to supersede Blasting. Binking i. 
Position, Form, and Size of shaft— Operation of getting down to *' Stonf^-head" — Method of 
proceeding afterward*— Lining shafts— Keeping out Water by Tubbing— Cost of Tubbing- 
Sinking by Boring — Kind - Chaudron, and Lipmann methods — Sinking through Quicksands 
— Cost of Sinking. flrelixnlnaTy OperatloDB : Driving underground Roads— Supporting. 
Roof: Timbering, Chocks or Cogs, Iron and Steel Supports and Masonry— Arrangement of 
Inset. Methods of Working: Shaft, Pillar, and Subsidence — Bord and Pillar System — 
Lancashire Method— Longwall Method— Double Stall Method— Working Steep Seams- 
Working Thick Seams— Working Seams lying near together— Spontaneous Combustion. 
Haulage: Rails— Tubs— Haulage by Horses — Self-acting Inclines — Direct-acting Haulag[e- 
— Main and Tail Rope — Endless Chain- Endless Rope— Comparison. Winding: Pit 
Frames— Pulleys — Cages— Ropes — Guides — Engines — Drums — Brakes — Counterbalancing — 
Expansion— Condensation— Compound Engines— Prevention of Overwinding— Catches at pit 
top— Changing Tubs— Tub Controllers— Signalling. Pumping: Bucket and Plunger 
Pumps — Supporting Pipes in Shaft — Valves — Suspended lifts for Sinking — Cornish and 
Bull Engines— Davey Differential Enrine — Worthington Pump— Calculations as to size of 
Pumps— Draining Deep Workings— Dams. Ventilation: Quantity of air required- 
Gases met with in Mmes— Coal-dust— Laws of Friction— Production of Air-current»— 
Natural Ventilation— Furnace Ventilation — Mechanical Ventilators- Efficiency of Fans;— 
Comparison of Furnaces and Fans — Distribution of the Air-current- Measurement of Aif- 
currents. Xiiglitlng: Naked Lights — Safety Lamps — Modern Lamps — Conclusions — 
Locking and Cleaning Lamps— Electric Light Underground — Delicate Indicators. Works 
at Surface; Boilers — Mechanical Stoking — Coal Conveyors— Workshops. Preparation 
of Ooal for Market: General Considerations^Tipplers— Screens— Varying the Sizes made 
by Screens— Belts— Revolving Tables— Loading Shoots— Typical Illustrations of the arrange- 
ment of Various Screening Establishments— Coal Washing— Dry Coal Cleaning -Briquettes. 



"Quite THK BEST BOOK of its kind ... as practical in aim as a book can be . . . 
touches upon every point connected with the actual working of collieries. The illustrations 

■re EXCKLLENT."— >I/Atf«<r«»«. 

" A Text-book on Coal-Mining is a great desideratum, and Mr. Hughes possesses 
ADMIRABLE QUALIFICATIONS for Supplying it. . . We cordially recommend the work." 

— Colliery Guardian, 

'* Mr. Hughes has had opportunities for study and research which fall to the lot of 
but few men. If we mistake not, his text-book will soon come to be regarded as the 
STANDARD WORK of its kind." — Birmtngluim Daily Gazeite, 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, 
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T H O L E XX ivi: 

AND ITS PRODUCTS: 

EV 

BOVERTON REDWO.OD, 

F.R.S.E., r.I.C, Assoc. Inst. C.E., 

Hon. Corr. Mem. of the Imperial Busaian Technical Society ; Mem. of the American Cfaemical 

Society : ConBuiting Adviser to the Corporation of London under the 

Petroleum Acts, &c., &c. 

Assisted by GEO. T. HOLLOWAY, F.I.C., Assoc. R.C.S., 
And Numerous Contributors. 

In Two Volumes, Large 8vo. Price 45s. 
Xaitb mumeroHS /Hbnpe, plates, an& JUustratiotis in tbe ttcit. 

GENERAL CONTENTS. 



Vin. Transport, Storage, and Dla- 
trlbution of Petroleum. 
IX. Testing of Petroleum. 
X. Application and Uses of 

Petroleum. 
XI. Legislation on Petroleum at 

Home and Abroad. 
XII. Statistics of the Petroleum 
Production and the Petroleum 
Trade, obtained from the 
most trustworthy and official 
sources. 



I. General Historical Account of 

the Petroleum Industry. 
n. Geological and Geographical 
Distribution of Petroleum and 
Natural Gas. 
m. Chemical and Physical Pro- 
perties of Petroleum, 
rv. Origin ofPetroleum and Natural 

Gas. 
V. Production of Petroleum, 
Natural Gas, and Ozokerite. 
VI. The Refining of Petroleum, 
vn. The Shale OU and Allied In- 
dustries. 

" The MOST COMPKEHENSIVE AND CONVENIENT ACCOUNT that has yet appeared 
of a gigantic industry which has made incalculable additions to the comfort of 
civilised man. . . . The chapter dealing with the arrangement for storaqe 

and TRANSPORT of GREAT PRACTICAL INTEREST. . . . The DIGEST of LEGIS- 
LATION on the subject cannot but prove of the GREATEST UTILITY."' — The Times. 

"A SPLENDID CONTKIBUTION to our technical literature."— OAemicai News. 

"This THOROUGHLY STANDARD WORK ... in every way excellent 
. . most fully and ably handled . . . could only have been produced 
by a man in the very exceptional position of the Author. . . . Indispen- 
sable to all who have to do with Petroleum, its APPLICATIONS, MANUFACTURE, 
STORAGE, or TKANSPOKT." — Mining Journal. 

" We must concede to Mr. Redwood the distinction of having produced a 
treatise which must be admitted to the rank of THE indispensables. It con- 
tains THE LAST word that Can be said about Petroleum in any of its scientipic, 
TECHNICAL, and LEGAL aspects. It would be difficult to conceive of a more 
comprehensive and explicit account of the geological conditions associated with 
the SUPPLY of Petroleum and the very practical question of its amount and 
DURATION."- — Journal of Oas Lighting. 
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MINE-SURVEYING (A Treatise on): 

For the use of Managers of Mines and Collieriet, Studenta 
at the Royal School of Mines, Ac. 

By BENNETT H. BROUGH, F.G.S., Assoc.R-S.M., 

Formerly Instructor of Mine-Surveyine, Royal School of Mines. 

Seventh Edition, Enlarged and Revised. With Numerous Diagiaini. 
Cloth, 7s. 6d. 

General Contents. 

General Explanations — Measurement of Distances — Miner's Dial — Variation of 
the Magnetic-Needle — Surveying with the Magnetic-Needle in presence of Iron — 
Surveying with the Fixed Needle — German Dial— Theodolite— Traversing Under- 
ground — Surfaoe-Siu-veys with Theodolite — Plotting the Survey— Calculation of 
Areas — Levelling — Connection of Underground- and Surface-Surveys — Measuring 
Distances by Telescope — Setting-out — Mine-Surveying Problems — Mine Plans — 
Applications of Magnetic-Needle in Mining— Photographic Surveying — Afpmdica. 

" Has PROVED itself a valuablk Text-book ; the mbst, if not the only one, in the English 
language on the subject." — Mining ytmmaL 

' No English-speaking Mine Agent or Mining Student will consider his technical library 
complete without it." — Nature. 

" A valuable accessory to Surveyors in every department of commercial enterprise.. 
Fully deserves to hold its position as a standard."— O/ZiVry Guardian. 



In Large Svo, with Illustrations and Folding-Plates. 10s. 6di 

AND THE USE OF EXPLOSIVES. 

A Handbook for Engineers and others Engaged in Mining, 
Tunnelling, Quarrying, &c. 

By OSCAR GUTTMANN, Assoc. M. Inst. C.E. 

Af ember of iju SocteHes of Civil Engineers and Architects of Vienna and Buda^tt, 
Corresponding Member of the Imp. Roy. Geological Institution of Austria. «5r*c. 

General Contents.— Historical Sketch— Blasting Materials — Blasting Pow- 
der — Various Powder-mixtures — Gun-cotton — Nitro-glycerine and Dynamite — 
Other Nitro-compounds — Sprengel's Liquid (acid) Explosives -Other Means of 
Blasting — Qualities, Dangers, and Handling of Explosives — Choice of Blasting 
Materials — Apparatus for Measuring Force — Blasting in Fiery Mines — Means of 
Igniting Charges — Preparation of Blasts — Bore-holes — Machine-drilling — Chamber 
Mines — Chargmg of Bore-holes — Determination of the Charge — Blasting in Bore- 
holes — Firing — Straw and Fuze Firing — Electrical Firing — Substitutes for Electrical* 
Firing — Results of Working — Various Blasting Operations — Quarrying — Blasting 
Masonry, Iron and Wooden Structures — Blasting in earth, under water, of ice, &c. 

'* This ADMIRABLE work." — CoUiery Guardian. 

"Should prove a vade-mecum to Mining Engineers and all engaged in practical work. 
— Iron and Coal Trades Review. 

LONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRAND. 
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NEW VOLUME OF GRIFFIN'S MINING SERIES. 

Bdited by C. LE NEVE FOSTER, D.So., F.K.S.,, 

H.M. Inspector of Mines, Professor of Mining, Royal School of Mines. 



Mine Accounts and Mining Bool^-keeping, 

A Manual for the Use of Students, Manag-ers of Metalliferous 

Mines and Collieries, Secretaries of Mining Companies, 

and others Interested in Mining. 

With Nuivierous Examples taken froivi the Actual Practice 
OF Leading Mining Companies throughout the world. 

BY 

JAMES G0NSON LAWN", Assoc. R.S.M., Assoc. Mem.Inst.C.K, F.G.S., 

Professor of Mining at the South African School of Mines, Oapetown, 
Kimberley, and Johannesburg. 

In Large Svo. Price 10s. 6d. 

GENERAL CONTENTS.— Introduction. Part I. Engagement and Payment of 
WoPkmen — Data Determining Gross Amount due to Workmen— A. Length of Time Worlted 
—Overtime— B. Amount of Worlt done— SinkinR and Drivinir— Exploitation— Sliding Scales — 
Modifications— C. Value of Mineral ;;o t ten— Deductions— Pay-Sheets, Due-Bills, and Fay- 
Tickets. Part II- Purchases and Sales— Purchase and Distribution cf Stores—Books and 
Forms Relating thereto — Sales of Product— Methods of Sale — Contract — Tender — Delivery of, 
and Payment for, Mineral— Tin Ore— Coal— Silver Ore— Gold Ore Part III. Working 
Summaries and Analyses-Summaries of Minerals Raised, Dressed, and Sold; and of 
Labour— Analyses of Costs — Accounts Forwarded to Head OflSce. Part IV. Ledger, Bal- 
ance Sheet, and Company Books — Head OflSce Books— Ledger — Principal Accounts of 
tk Mining Company— Capital Account— Sale and Purchase Accounts- Capital Expendltore — 
Personal— Stores— Wages Account— Bad Debts Account— Cash Account— Bills Receivable and 
Payable Account— Discount and Interest Account — Product Account— Working Accounts — 
Profit and Loss Account— Journal— Inventory— Balance Sheet— Bibliography — Redemption of 
Capital — 1. Debentures— 2. Sinking Fund — \. By Equal Annual Sums— B By Annual Sum 
varying according to a Formula — C. By Annual Sum depending on Mineral worked — 3. En- 
larged Dividends or Bonuses— Depreciation— Reserve Fund— Bibliography— General Consider- 
ations and Companies Books— Private Individuals— Private Partnership Companies— Cost-book 
-Companies- Limited Liability Companies— Stocks and Shares— Debentures— Books connected 
with Shares— Miscellaneous Books— Bibliography. Part V. Reports and Statistics — 
Inspections of Workings and Macliinery— A. Colliery Reports, itec— Inspections— Report Books 
—Measurement of Ventilating Current— Permits to fire Shots and carry Safety Lamp Key— 
B. Ore Mine Reports, &c— C. Miscellaneous Reports, &c.— Reports of Mining Companies- 
Managers' Reports— Diagrams— Tubular Statements— Reports of Directors- Reports of Cost- 
book Mines— Mining Statistics— Great Britain— Other Countries- Bibliography. 
a"It seems impossible to suggest how Mr. Lawn's book could be made more complete or 
more valuable, careful, and exh&xistVve.''— Aa-ountojHs' Magazive. 

'' Mk, Lawn's book should be found of gkkat use by Mine Secretakies and Mine 
Managebs. It consists of five Parts. Pakt 1 is devoted to the engagement and payment of 
■workmen, and contains forms of contracts and pay sheets of various descriptions in use by 
Mining Companies in England and South Africa. Special reference is made to pay sheets and 
^forms employed by the Db Beers Consolidated Mines, to the General Manager and the late 
Secretary of which Company the author is indebted for the particulars given. Part 2 is taken 
up by a description of books and foi-ma relating to the purchases of Stores, Ac, and to sales of 
the Products of the mines. Part 3 is the most important section of the book, cont-aining in- 
Btructive details of the manner of obtaining summariesof Working Expenditure and Analyses 
of Costs. The forms used in this connsction by the De Beers Company are shown in extenso. 
Part 4 consists of the Bookkeeping, properly so-called, of a mining company. All details 
concerning the ledger, journal, and other books, and the principal working accounts of a mine 
are given. There are some very interesting formula in this section, showing the manner in 
which the CAPITAL of a company should be hkdkhmld and repaid to its Shareholders. 
According to this manual there are three ways in which this extremely desirable end may be 
arrived at. . . . The book is published at half a guinea, a price low enough considering 
the amount of information and instruction set forth.'^—Johannesbuyg Star. 

iOHDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.' 
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Teibd Edition. With Folding Plates and Mai^ lUoatrationa. 
Large 8vo. Handsome Cloth. 363. 

ELEMENTS OP 

Metallurgy: 

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 
FROM THEIR ORES. 

BY 

J. ARTHUR PHILLIPS, M.Inst.O.E., F.C.S., F.G.S., &c. 

AND 

H. BAUERMAN, V.P.G.S. 





GENERAL CONTENTS. 




Refractory Materials. [ 


Antimony. 


Iron. 


Fire-Clays. 


1 


Arsenic. 


Cobalt 


Fuels, ha. 




Zinc. 


Nickel 


Aluminimn. 




Mercury. 


Silyer. 


Copper. 




Bismuth. 


Gold. 


Tin. 




Lead. 


Platinum. 



*,* Many notable additions, dealing with new Processes and Developmenti, 
will be found in the Third Edition. 

" Of the Thikd Edition, we are still able to say that, as a Text-book of 
Metallurgy, it is the best with which we are acquainted." — Eng'mttr. 

" The value of this work is almost inestimable. There can be no question 
that the amount of time and labour bestowed on it is enormous. . . . Ther* 
is certainly no Metallurgical Treatise in the language calculated to prove of 
aneh general utility." — Mining Journal. 

" In this most useful and handsome volume is condensed a large amount of 
valuable practical knowledge. A careful study of the first division of the book, 
on Fuels, will be found to be of great value to every one in training for the 
practical applications of our scientific knowledge to any of our metallurgical 
operations. " — A thenfeum. 

" A work which is equally valuable to the Student as a Text-book, and to ths 
practical Smelter as a Standard Work of Reference. . , . The Illustrations 
are admirable examples of Wood Engraving." — Chemical Nev>a. 
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Metallurgists, Mine-Owners, Assayers, Manufacturers, 

and all interested in the development of 

the Metallurgical Industries. 

EDITED BT 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L, F.R.S., 

CHEMIST AND ASSAYER TO THE ROYAL MINT; PROFESSOR OF METALLURGY IW 
THE ROYAL COLLEGE OF SCIENCE. 

In Large Zvo, Handsome Cloth, IVith Illustratiotts. 



1. IlfTRODTJCTION to the STUDY of METALIiTJKGY. 

By the Editor. Fourth Edition. 15s. (Seep. 63.) 

2. GOLD (The Metallurgy of). By Thos. Kirke Rose, 

D.Sc, Assoc. R.S.M., F.I.C., of the Royal Mint. Third Edition, 
2IS. (See p. 64.) 

8. IRON (The MetaUurgy of). By Thos. Turner, 
Assoc. R. S. M. , F. I. C. , F. C. S. 1 6s. ( See p. 65 . ) 



Will be Puilished at Short Internals. 

4. STEEL (The MetaUurgy of). By F. W. Harbordv 

Assoc. R.S.M., F.I.C. 

6. LEAD AND SILVER (The MetaUurgy of). By H. F. 

Collins, Assoc.R.S.M., M.Inst.M.M. Part I., Lead; Part II.-, 
Silver. 

e. METALLURGICAL MACHINERY: the Application of 
Engineering to Metallurgical Problems. By Henfy Charles Jenkins, 
Wh.Sc, Assoc.R-S.M., Assoc. M. Inst. C.E., of the Royal College of 
Science. 

7. ALLOYS. By the Editor. 
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GRIFFIN'S METALLURGICAL SERIES. 



Fourth Edition, Revised and Enlarged. Price 155. 

AH INTRODUCTION TO THE STUDY 

OF 

METALLURGY. 

r.Y 
Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., 

Associate of the Royal School of Mines ; Chemist and Assayer of the Royal 
Mint; Professor of Metallurgy in the Royal College of Science, 

In Large 8vo, with numerous Illustrations and Micro-Photographic Plates 
of different varieties of Steel. 



GENERAL CONTENTS 

The Relation of Metallurgy to Chem- Furnaces. 

istry. I Means of Supplying Air to Fnr- 

Fbysical Properties of Metals. naces. 

Alloys. Thermo-ChemiBtry. 

The Thermal Treatment of Metals. Typical Metallurgical Processes. 

Fuel and Thermal Measurements. The Micro-Structure of Metals and 

Materials and Products of Metallnr- i Alloys. 

gical Processes Economic Considerations. 

" No English text-book at all approaches this in the completeness witfi 
which the most modern views on the subject are dealt with. Professor Austen's 
volume will be invah;able, not only to ttie student, but also to those whose 
knowledge of the art is far advanced." — Chemical News. 

" Invaluable to the student. . . . Rich in matter not to be readily founti 
elsewhere. " — Athentsum. 

" This volume amply realises the expectations formed as to the resiilt of the 
labomrs of so eminent an authority. It is remarkable for its originality of con- 
ception and for the large amoimt of information which it contains. . . . We 
recommend every one who desires information not only to consult, but to study 
this work." — Engineering. 

" Will at once take front rank as a text-book." — Science and Art. 

" Prof. Roberts-Austen's book marks an epoch in the history of the teaching 
of metallurgy in this country. " — Industries. 
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QBIPFIlf'S METALLUBGICAL SEBIES. 

Third Edition. Reviaed and Enlarged. Handsome Cloth. 21s. 

THE METALLURGY OF GOLD. 



T. KIRKE ROSE, D.ScLond., Assoc.R.S.M.. 

Assistant Assayer qf the Soyal Mini. 

Revised and partly Re-written. Including the most recent Improve- 
ments in the Cyanide Process. With Frontispiece 
and numerous Illustrations. 



GENERAL CONTENTS. 

The Properties of Gold and its Alloys. : Chlorination ; The Preparation of Ore 

<!hemi8try of the Compounds of Gold. for Treatment. 

Mode of Occurrence and Distribution Chlorination; The Vat Process. 

of Gold. Chlorination: The Barrel Process. 

Placer Mining. Chlorination Practice in partioolar 

Shallow Deposits. i Mills. 

Deep Placer Mining. i The Cyanide Process. 

■Quartz Crushing in the Stamp Battery. Chemistry of the Cyanide Process. 

Amalgamation in the Stamp Battery, j Pyritic Smelting. 

Other Forms of Crushing and Amal- j The Refining and Parting of Gold 

gamating Machinery. Bullion. 

Concentration in Stamp Mills. The Assay of Gold Ores. 

Stamp Battery Practice in particular I The Assay of Gold Bullion. 

Localities. I Economic Considerations. 
Bibliography. 

" A coKi'REnENSiVE PEACTicAL TREATISE On thiB important subject."— rAe Times. 
"The MCST coMPiETE description of the ohlobinatioh process which has yet been pab- 
l\th6d.^'~ Mining Journal. 

" Dr. KosK gained his experience in the Western States of America, bnt he has leoond 
details of gold-woildng from all parts of the worid, and these should be of qbiat bibtice 
to practical men. . . . The tour chapters on CAIorinaUon, written from the point of Tiew 
alike of the practical man and the chemist, teem with gonhdeeatiohs bithkbto nMBBOOs- 
HTBBD, and constitute an addition to the literature of Metallurgy, which will prove to be •f 
cUlsical yalue.''— Nature. 

"Adapted for all who are interested in the Gold Mining Indu.stry, being free from tech- 
nicalities as far as possible, but is more particularly of value to those engaged la the 
Industry— viz., mill-managers, reduction-offlcers, &c."~Cape Times. 
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THE METALLURGY OF IRON. 

By THOMAS TURNER, Assoc.RS.M., F.I.C., 

Director of Technical Instruction to tlie Staffordthire County Council. 

In Larcb 8vo, Handsome Ci-oth, With Nomerods Illustbations 
(many from Photogbafhs). Pkice 168. 



Otneral Contents. — Early History of Iron.— Modem History of Iron. — The Age of SteeL 
— Chief Iron Ores. — Preparation of Iron Ores.— The Blast Furnace. — The Air nsed in the 
Blast Fnmace.- Reactions of the Blast Fnmace.— The Fuel nsed in the Blast Faraace.— 
Slags and Faxes of Iron Smelting.— Properties of Cast Iron.- Foundry Ppfl«tioe. — ^Wronght 
Iron. — ^Indirect Production of Wrought Iron.— The Puddling Process.— Further Treatment 
of Wrought Iron. — Corrosion of Iron and Steel. 

" A MOST VALUABLE SUMMARY of knowledge relating to every method and atage 
in the mannfactore of cast and wrought inin . . . rich in chemical details. . . . 
Exhaustive and thorodohlt ut-to-date." — Bulletin of the American Iron 
and Steel Atsociation. 

" Tbii is A DKLiOHTruL book, giving, as it does, reliable information on a snbject 
becoming every day more elaborate. " — Colliery Guardian. 

"A THOKOUOHLT D8EFDL BOOK, which blings the subject up to date. Of 
ORBAT VALUE to those engaged in the iron industry." — Mining Journal. 



IN PREPARATION. 

COMPAITION-VOLUME ON 

THE METALLUKGY OF STEEL. 

By F. W. HARBORD, A8S0c.R.S.M., F.I.C. 



Ready Shortly, Important New Work. 

THE METALLURGY OF LEAD AND SILVER. 

By H. F. COLLINS, Assoc.R.S.M., M.Inst.M.M. 
In Two Volumes, Each complete in Itself. 

Part I.— I- E A I>. 

A Complete and Exhaustive Treatise on 
THE MANUFACTUKE OF LEAD, 

WITH SECTIONS ON 

SMELTING AND D E SXL V E R IS AT ION, 

And Chapters on the Assay and Analysis of the Materials Involved. 

To be followed by the Companion-Volume (Part II.) on SILVER. 
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ASSAYING (A Text-Book of): 

For the use of Students, Mine Managers, Assayers, do. 
By J. J. BERINGER, F.I.C., F.C.S., 

Public Analyst for, and Lecturer to the Mining Association of, Cornwall, 

And C. BERINGER, F.C.S., 

Late Chief Assayer to the Rio Tinto Copper Company, London, 

Wkh ntuneroua Tables and Illustrations. Crown 8to. Cloth, 10/& 
Fifth Edition ; Revised. 

GsNSRAL Contents. — Part I. — Introductoky ; Manipulation: Sampling; 
Drying ; Calculation of Results— Laboratory-books and Re^rts. Methods : Dry GraW- 
methc; Wet Gravimetric— Volumetric Assays: Titrometric, Colorimetric, GMometrii>— 
Weighing and Measuring— Reagents — Formulae, Equations, &c. — Specific Gravity. 

Part II. — Metals : Detection and Assay of Silver, Gold, Platinum, Mercury, Copper. 
Lead, Thallium, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten* 
Titaaium, Manganese, Chromium, &c.— Earths, Alkalies. 

Part IIL— Non-Metals : Oxygen and Oxides; The Halogens— Sulphur and Sut 
phates — Arsenic, Phosphorus, Nitrogen— Silicon, Carbon, Boron — Useful Tables. 

"A kkallt mbritokious work, that may be safely depended upon either for systematic 
OstaHCtioc or for reference." — Nature. 

"This work is one of the best of its kind. . . . Contains all the information that 
the Assayer will find necessary m the examination otf'mmerals." — En£iiteer. 



Handaome Cloth. With I^'umerous Illuntrations. Gs. 

ELEMENTARY METALLURGY 

(A TEXT-BOOK OF). 

Including the Author's Practical Laboratory ConRSE. 

By a. HUMBOLDT SEXTON, F.I.C., F.C.S., 

Professor of Metallurgy in the Glasgow and West of Scotland Technical College. 

GENERAL CONTENTS.— Introduction— Properties of the Metals— Combustion 
— Fuels — Refractory Materials— Furnaces— Occurrence of the Metals in Nature — Pre- 
puration of the Ore for the Smelter — Metallurgical Processes — Iron : Preparation of 
Pig Iron— Malleable Iron — Steel — Mild Steel— Copper— Lead — Zinc and Tin— Silver 
— Gold — Mercury — Alloys — Applications of Electricity to Metallurgy — Labora- 
TOKT Course with Numerous Practical Exercises. 

" Just the kind of work for Students oommehcino the study of Metal- 
lurgy, or for Enoineerino Students requiring a general knowledge of it, or 
for Engineers in practice who like a handy work of reference. To all three 
classes we heartily commend the work. " — Practical Mngineer, 

" Excellently got-up and well-arranged. . '. . Iron and copper well 
explained by excellent diagrams showing the stages of the process from start to 
finish. . . . The most novel chapter is that on the many changes wrought 
in Metaliurgioal Methods by Electricity."— CAemicaZ Trade Journal. 

'* Possesses the great advantage of giving a Course of Practical Work," 
— Mining Journal. 
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In large 8vo. With Numerous Illustrations and Three Folding-Plates. 

Price 21s. 

ELECTRIC S1ELTII& & REEinM: 

A Practical Manual of the Extraction and Treatment 

of Metals by Electrical Methods. 

Being the "Elektbo-Mbtali.urgie " of Db. W. BORCHERS. 

Translated from the Second Edition by WALTER G. MoMILLAN, 

I'M.C, F.O.S., 

Sec, etarif to the I iiKtitution of Electncal Engineer)^ ; late Lectufer in Metallurgy 

at Mason College, Binninjliam. 



CONTENTS. 
Part I. — Alkaliks and Alkaline Earth Metals: Magnesium, 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Pakt II. — Thk Earth Metals: Aluminium, Cerium, Lanthanum, 
Didymium. 

Part III. — The Heavy Metals: Copper, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinum 
Group. 

"COMPKUHKNSIVE and AUIHORITiTITE . . . not Only FDLL of VALUABLE INFOR- 
MATION, but givet evidence of a THOROCGH insight into the technical value and 
possibilities of all the methods disouBaed."— y/ic Electrician. 

" Dr. BOUCHERS' WELL-KNOWN WOKK . . . must OP NEOBSSITV BK ACQUIRED by 

every one interested in the subject. Excellently put into English with additional 
matter by Mr. McMillan."— JTatiire. 

" M^ill be Of GREAT seuvick to the practical man and the Student." — Electric Smeltiiig. 



In Large 8vo. Handsome Cloth. Price 4s. 

TA.BL1ES FOR 

PANTITATIYE METALLURGICAL ANALYSIS. 

FOR LABORATORY USE. 
Bv J. JAMES MORGAN, F.O.S., 

Member Soc. Cbem. Industry, Mamber Cleveland Institnte of Engineers. 

Summary of Contents. — Iron Ores.— Steel.— Limestone, &c.— Boiler In- 
erustations, Clays, and Fire-bricks.— Blast Furnace Slag, &c. — Coal, Coke, 
and Patent Fnel.— Water.— Gases.— Copper.— Zinc— Lead.— Alloys.— White 
Lead. — Atomic Weights. — Factors. — Reagents, &c. 

%* The above work contains several novel ruATUESs, notably the eilensioD, to quanti- 
tatite analysis, of the peinciplks of 'Group' Skparatioxs, hitherto chiefly confined to 
<Sualiiative «ork, and will be found to facilitate grratlt the oj orations of Chemists, 
A>SAYHn.'*, and otbers. 
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Second Edithwi at Press. 

ELECTRO -METALLURGY 

(A TREATISE ON) : 

Embracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing Surfaces and Art-Work, &c. 

BY 

WALTER G. McMillan, f.lc, f.o.s. 

With numerous Illustrations. Large Crown 8vo. Cloth. 

" This excellent treatise, . . . one of the best and most completb 
manuals hitherto published on Electro-Metallurgy." — Electrical Setiiew. 

" This work will be a standard." — Jeweller. 

"Any metallurgical process which reduces the cost of production 
must of necessity prove of great commercial importance. . . . We 
recommend this manual to all who are interested in the practical 
APPLICATION of electrolytic processes." — Nature. 



Large Crown 8vo. Cloth, 8b. 6d. 

The Art of the Goldsmltli and Jeweller 

A Manual on the Manipulation of Gold in the Various 
Processes of Goldsmith's Work, and the Manu- 
facture of Personal Ornaments. For 
Students and Practical Men. 

By THOS. B. WIGLEY, 

Headmaster of the Jewellers and Silversmiths' Association Technical 
School, Biimingham. 

ASSISTED BY 

J. H. STANSBIE, B.Sc. (Lonb.), F.LC, 

Lecturer at the Birmingham Municipal Technical School. 

Jn Large Crown Svo. With Numerous Illustrations. 

General (7ojWcn(ff.— Introdiiction — The j\ncient Goldsmith's Art.— The Mctallnrgy of Golct, 
■—Prices of Gold, Silver, <feo —Preparation of Alloys.— Melting tff Gold.— Rolling and Slittinif of 
Gold,— The Workshoji and Tools.- Filigree Wire Drawing.— Manufacture of Personal Ornaments. 
— Finger Eings.— Mounting ;ind Setting.— Mayoral Chains ^nd Civic Insignia.— Antique Jewel- 
lery and its Revival.— EtruHcan Work.— Manufacture of Gold Chains.- PHKcioes Stoses.— 
Cutting Diamonds and other Precious Gems.— Polisliing and Finishing.— Chasing, Embossing, 
and Repoussd Work.— The Colouring and Finishing of Articles of Jewellery.- Enamelling: its 
Histoi-y, Processes, and Applicability.— Heraldic Distinctions and Armorial Bearings.— Engraving: 
its Origin, History, and Processes.- Moulding and Casting of Ornaments, &c.— Fluxes, Ac- 
Recovery of the Precious Metals from the Waste Prn ducts, —Reflning Semel and Assaying Semel 
Bars.— Gilding and ElecLro Deposition.— Hall-Marking Gold and Silver Plate.— MiscelTaneous 
Useful Information.— Appendix : Technological Esraminationfi. 
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INORGANIC CHEMISTRY 

(A SHORT MANUAL OF). 



A. DUPRE, Ph.D., F.R.S., 

AND 

WILSON HAKE, Ph.D., F.I.C., F.C.S., 

Of the Westminster Hospiul Medical School 
Second Edition, Revised. Crown 8vo. Cloth, 7s. 6d. 

"A weD-written, clear and accurate Elementarv Manual of Inorganic Chenustry. . . . 
We agree heartily with the system adopted by Drs. Duprtf and Hake. Will makb Exphri- 
WKNTAL Work trkbly interesting because intelligible."— i'(i/«r<&y Review. 

"There is no question that, given the perfect grouKding of the Student in his Sci«K^ 
che remainder comes afterwards to him in a manner much more simple and easily acquirad' 
The work is an example op the advantages op the Systematic Trbatmbmt of a 
Science over the fragmentary style so generally followed. By a long way the best of tha 
■«mall Manuals for Students. ' — Anaiyst. 



LABORATORY HANDBOOKS BY A. HUMBOLDT SEXTON, 

FrofeBBor of Metalliir<cy In the <iMaHgow and WoHt of Scotland Technical College. 

Sexton's (Prof.) Outlines of Quantitative Analysis. 

FOR TBE USE OP STUDENTS. 

With Illustrations. Fourth Edition. Crown 8vo, Cloth, 3s. 

" A COMPACT i.ABORATOHV GUIDE for beginners was wanted, and the want has 
been WELL, supplied. ... A good and usefnl book." — Lancet. 



Sexton's (Prof.) Outlines of Qualitative Analysis. 

FOR THE USE OF STUDENTS. 
With Illustrations. Third Edition. Crown 8vo, Cloth, 3s. 6d. 
■" The work of a thoroughly practical chemist." — British Medical JowrruU. 
•" Compiled with great care, and will supply a want." — Jowmal of Education. 

Sexton's (Prof.) Elementary Metallurgy: 

Including the Author's Practical Laboratory Course. With many 

Illustrations, 68. [See p. 66. 

" Just tlie kind of work for students commencing the study of metallurgy." — 
Practical Jinyhirrr. 
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CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

Br 
BERTRAM BLOUNT, asi> A. G. BLOXAM, 

F.I.C., F.C.8., Assoc.Inst.C.E.. F.LC, F.C.S.. 

OonsnltiDK Chemist to the Crown Ageuts for Conaaltins Chemist, Head or the Chemisti7 

the Coionies. Department. Goldsmiths' Inst.. 

New Cross. 

With lUostrationa. In Two VoIb., Large 8vo. Sold Separately. 



"The authors have S0CCR8DBD tieyond all expectations, and iiave produced a work wiiich 
«bonM give fkesh powbb to the Engineer and Manufacturer." — 27« TintM. 



iror^XTiviE: z. Px>ice xos. ed. 

CHEMISTRY OF ENGINEERING, BUILDING, AND 

METALLURGY. 

Oeneral Con<e(rfj<. —INTEODUCTION—CaiemiBtry of the CMef Materials 
of Construction — Sources of Energy— Cbemlstry of Steam-raising — Chemis- 
try of Lubrication and Lubricants— Uetallui^cal Processes used in tbs 
Winning and Manufacture of Metals. 

" Practical THaouGHocr . . an admirable tbxt-booe, useful not only to Studenta* 
but to Ehgikbers and Maxagerb of works in PBETE^iTiaG waste and iuproting processes. — 
Scotsnuin. 

" Emieehtlt practical."— Giflstfoip Herald. 

" A hoolc worthy of HIGH RA5K its merit is great . . . treatment of the subject 

of GASEOCS FCBL particularly good. . . . Water gas and the production clearly worked out. 
, . . Altogether a most creditahle production. We warult rbcommekd it, and look forward 
with keen interest to the appearance of Tol. H." — Jmirnal o/ 6aji Lighting. 

'voz^xjihe: XX. Pvice xbs. 

THE CHEMISTRY OF MANUFACTURING 

PROCESSES. 

Oeneral Contents. —Sulphuric Acid Manufacture— Manufacture of AUcali, 
&c. — Destructive Distillation —Artificial Manure Manufacture— Fetrolemn 
— Lime and Cement — Clay Industries and Glass— Sugar and Starch — Brewing 
and Distilling — Oils, Kesins, and Varnishes- Soap and Candles- Textiles 
and Bleaching — Colouring Matters, Dyeing, and Printing — Paper and 
Pasteboard— Figments and Faints— Leather, Glue, and Size— EzplosiTes 
and Matches — Minor Chemical Manufactures. 

"Certainly a good and useful book, constituting a fbactical guidz for Btudents by 
affording a clear conception of the numerous processes as a whole.'* — Chemical Trad4 
Jovmal. 

*' We conctdesti.t recohmbxd this volnme as a -pbacticai., and not overloaded, 
text-booe:. of great value to students." — Tht Builder. 
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WORKS BY A. WYNTER BLYTH, M.R.C.S., F.C.S., 

BairliteT-ftt-Law, Public Analyat Tor the Cawxij of Devon, and Medical Officer of Health for 

St. llaiylebone. 

FOODS: 

THEIR COMPOSITION AND ANALYSIS. 

In Demy Svo, with Elaborate Tables, Diagrams, and Plates. Handsom* 
Cloth. FouETH Edition. Price 21s. 

GENEEAL CONTENTS. 
History of Adulteration — Legislation, Past and Present — Apparatua 
nsefnl to the Food-Analyst — "Ash" — Sugar — Confectionery — Honey- 
Treacle — Jams and Preserved Fruits — Starches — Wheaten- Flour — Bread 
— Oats — Barley — Rye— Rice — Maize — Millet — Potato — Peas — Chinem 
Peas — Lentils — Beans — Milk — Cream — Butter — Oleo-Margarine — 
Butterine — Cheese — Lard — Tea— Coffee — Cocoa and Chocolate — Alcohol — 
Brandy — Rum — Whisky — Gin — Arrack — Liqueurs — Absinthe — Principles 
of Fermentation — Yeast — Beer — Wine — Vinegar — Lemon and Lime 
Juice — Mustard — Pepper — Sweet and Bitter Almond — Annatto— Oliye 
Oil — Wateh — Standard Solutions and Reagents. Appendix: Text of 
English and American Adulteration Acts. 

PRESS NOTICES OF THE FOURTH EDITION. 

*' Simp^ INDISPENSABLE in the Analyst's laboratory."— TA^ Lancet. 

**Thb dtandabd wore on the subject. . , . Erery chapter and every page glvfls 
abnndant proof of the strict revision to which the work has been subjected. . . . Ths 
section on Milk is, we believe, the most exhaustive study of the subject extant. . . . Aji 
INDISPENSABLE MANUAL for Analysts and Medical Offlcers of Health." — Public Health, 

" A new edition of Mr. "Wynter Blyth's Standard work, enbiched with all the BECBtrt 
DisooVEniES AND iHPBOVKMHNTS, will be accepted as a boon." — Chemical News. 



POISONS: 

THEIR EFFECTS AND DETECTION. 

Third Edition. In Large Svo, Cloth, with Tables and Illustration*. 
Price 21s. 

CJENEEAL CONTENTS. 
I. — Historical Introduction. II. — Classification — Statistics — Connectioa 
between Toxic Action and Chemical Composition — Life Tests— General 
Method of Procedure — The Spectroscope — Examination of Blood and Blood 
Stains. Ill, — Poisonous Gases. IV. — Acids and Alkalies. V. — Mora 
or less Volatile Poisonous Substances. VI. — Alkaloids and Poisonoaa 
Vegetable Principles. VII. — Poisons derived from Living or Dead Animal 
Substances. VIII. — The Oxalic Acid Group. IX. — Inorganic Poisoni. 
Appendix : Treatment, by Antidotes or otherwise, of Cases of Poisoning. 

" Undoubtedly the most complete wobe on Toxicology in our lanfiruace."— ITw Analvat (on 
tlt4 Third Edition), 

"As a PRACTICAL ooiDB, we know Ho bbttek work."— rAe Lancet (on tlte Third Edition). 
•»• In the Thibb Edition, Enlarged and partly Re-written, New Analytical Mbthosb hav* 
been Introduced, and the Cadavebic Alkaloids, or Ptomaines, bodies playing so great a part In 
Food-poisoning and in the Manifestations of Disease, have received special attention. 
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SECOND EDITION. Crown 8vo, Handsome Cloth. 21s. 

Photography: 

ITS HISTORY, PROCESSES, APPARATUS. AND MATERIALS. 

Comprising Working Details of all the More 
Important Methods. 



A. BROTHERS, F.R.A.S. 

tVITH NUMEROUS PULL PAGE PLATES BY MANY OF THE PRO- 
CESSES DESCRIBED. AND ILLUSTRATIONS IN THE TEXT. 



GENERAL CONTENTS. 



Part III.— Apparatus. 
Part IV.— Materials. 
Part V. — Applications of Photo- 
graphy ; Practical Hints. 



Part. I.— Introductory: His- 
torical Sketch; Chemistry and 
Optics of Photography; Arti- 
ficial Light. 

Part II. — Photographic Pro- 
cesses. 

'* Mr. Brothen has bad an experience in Photography so large and raxied that any work 
by htm cannot fail to be interesting and valuable ... A most couprbhknsivk Toliuae 
entering with full details into the various processes, and vhry fully illustrated. Tlie 
PRACTICAL HINTS are of GREAT VALUK. . . . Admirably eot up. " — Brit.Jour.ofPkeiogrmfhy. 

" For the illustrations alone, the book is most interesting : but. apart from these, the 

volume is valuable, brightly and pleasantly written, and most admirably arkahcsd." 

P/ui^frafihic News. 

** Certainly the finest illustrated handbook to Photography^ which has ever beea 
published. Should be on the reference shelves of every Photographic Society." — Ammtmr 
Phttograplur. 

"A handbook so far in advance of most others, that the Photographer must not fail 
to obtain a copy as a reference work." — Pfutograptuc Work. 

"The COUPL.KTBST handbook of the art which has yet been published.*' — ScoUman. 
"A Standard Work on Photography brought quite up to date." — PActografi/ty. 



*,* This Edition includes all the Newer Developments in Photographic 
Methods, together with Special Articles on Radiography (the X Rays), 
Colour Photography, and many Ne\v' Plates. 
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Second Edition, Revised and Enlarged, with N^ew Section 
on Acetylene. 

With Numerous Illustrations, Handsome Cloth. 10«. 6rf. 

GAS MANUFACTURE 

(THE CHEMISTRY OF). 

A Hand-Booh on the Production, Purification, and Testing 
of Illuminating Gas, and the Assay of the Bye- 
Products of Gas Manufacture. For the 
Use of Students. 

Br 

W. J. ATKINSON BUTTEKFIELD, M.A., F.I.C., F.C.S., 

ronncrly Head Chemist, Gas Works, Beckton, London, K 

" The BEST WORK of its kind which we have ever had the pleasure of re- 
viewing. The new Edition is well deserving a place in every Engineering 
Library." — Journal of Gas Lightinu. 

" Amongst works not written in German, we recommend before all others, 
BtTTTEKFiELD's CHEMISTRY OF Gas MANUFACTURE." — Cliemiher Zeituny. 

GENERAL CONTENTS. 
I. £aw Materials for Cras VI. Final Details of Mana- 





Maimfaoture. facture. 


II. 


Coal Gas. VII. Gas Analysis. 


III. 


Carl)uretted Water Gas. VIII. Photometry. 


IV. 


OH Gas. IX. Applications of Gas. 


V. 


Enriching by Light Oils. X. Bye-Products. 




XI. Acetylene. 



*»* This work deals primarily with the ordinary processes of Gas Mandfacturk 
employed in this country, and aims especially at indicating the principles on which 
they are based. The more modem, but as yet subsidiary, processes are fiilly treated also. 

The Chapters on Gas Analysis and Photometry will enable the consumer to 
grasp the methods by which the quality of the gas he uses is ascertained, and in the 
Chapter on The Applications of Gas, not only is it discussed as an illuminant, but 
also as a ready source of heat and power. 

The Incandescent Gas Light is dealt with in an exhaustive manner, and the 
latest theories of its physical basis, as well as the practical developments of lighting 
by Incandescence, are thoroughly discussed. 

In Chapter X. an attempt has been made to trace in a readily-intelligible manner 
the extraction ot the principal derivatives from the crude Bye-pboducts. 

The work deals incidentally witji the most modem features of the industry, in- 
cluding inter alia the commercial production and uaes of Acetylene, to which a 
special Chapter is devoted in the new Edition, and the application of compressed gas 
for Street Traction. The needs of the Students in Technical Colleges and Classes have 
throughout been kept in view. 
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CASTELL-EVANS (Prof. J., F.I.C., F.C.S., 

Finsbury Technical College) : 

TABLES AND DATA for the use of ANALYSTS, CHEMICAL 
MANUFACTURERS, and SCIENTIFIC CHEMISTS. In Large 
8vo. Strongly Bound. \Skorily. 

•** This important Work will comprehend as far as possible all rules and tablrs 
required by the Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c.. &c. ; and 
also the principal data in Thermo-Chemistry, Electro-Chemistrv, and the various 
branches of Chemical Physics which are constantly required by the Student and Worker in 
Original Research. 

Every possible care has been taken to ensure perfect accuracy, and to include the results. 
of the most recent investigations. 



ELBORNE (Wm., B.A., F.L.S., F.C.S.) : 

PRACTICAL PHARMACY. (See p. io6 Gineral Catalogue.\ 



GRIFFIN (John Joseph, F.C.S.) : 

CHEMICAL RECREATIONS : A Popular Manual of Experimental 
Chemistry. With 540 Engravings of Apparatus. Tenth Edition. Crown 
8vo. Cloth. Parts I. and II., complete in one volume, 12/6. 

Separately — Part I., Elementary, 2/; Part II., The Chemistry of the 
Non-Metalbc Elements, 10/6. 



MUNRO (J. M. H., D.Sc, Professor of Chemistry, 

Downton College of Agriculture): 

AGRICULTURAL CHEMISTRY AND ANALYSIS : A Prac- 
tical Hand-Book for the Use of Agricultural Students. (Griffiths 
Technological Manuals. ) In Preparation. 



imPORTANT NEW WORK. NEARLY READY. 

DAIRY CHEMISTRY: 

A PRACTICAL HANDBOOK FOR 
DAIRY MANAGERS, CHEMISTS, ANALYSTS. 

By H. droop RICHMOND, F.C.S., 

CHEMIST TO THE AYLHSBUHY DAIRY COMPANY. 

Conieiils. — Introductory. — The Constituents of Milk. — Analysis of Milk. — 
Normal Milk, its Adulterations and Alterations and their Detection. — The Chem- 
ical Control of the Dairy. — Biological and Sanitary Matters. — Butter. — Other 
Milk Products. — Milk of Mammals other than the Cow. — Tables.— Appendix, &c. 



LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



OHABLBS ORIFFIN A OO.'B PUBLWATIONB. 



Painters' 
Colours, Oils, & Varnishes: 

A FRACTICAI. IKEANUAI.. 

By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry ; Lecturer on the Technology of Painten' 
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester. 

Second Edition, Revised and Enlarged. With Illustrations. 12s. 6d, 

General Contents.— Introductory— The Composition, Manufacture, 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Green, 
Blue, Brown, and Black — Lakes — Colour and Paint Machinery — Paint Vehicles 
(Oils, Turpentine, &c., &c.)— Driers— VARNISHES. 

"This useful book will prove most valuable. " — Chemical News. 

" A practical manual in every respect . . . exceedingly instructive. The 
section on Varnishes is the most reasonable we have met with." — Chemist and Druggist . 

" Very valuable information is given." — Plumber and Decorator. 

" A THOROUGHLY PRACTICAL book, . . . the ONLY £nglish work that satisfactorily 
treats of the manufacture of oils^ colours, and pigments." — Chemical Trades* Journal. 

" Throughout the work are scattered hints which are invaluable.**— /wz'^w^iVk. 



In Crown 8vo, Extra. With Illustrations. 8s. 6d, 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION, AND USES. 

BY 

GILBERT R. REDGRAVE, Assoc. Inst. C.E. 



General Contents. — Introduction — Historical Review of the Cement 
Industry — The Early Days of Portland Cement^Composition of Portland 
Cement — Processes of Manufacture — The Washmill and the Backs — 
Flue and Chamber Drying Processes — Calcination of the Cement Mixture — 
Grinding of the Cement — Composition of Mortar and Concrete — Cement 
Testing — Chemical Analysis of Portland Cement, Lime, and Raw 
Materials — Employment of Slags for Cement Making — Scott's Cement, 
Selenitic Cement, and Cements produced from Sewage Sludge and the 
Refuse from Alkali Works — Plaster Cements — Specifications for Portland 
Cement — Appendices (Gases Evolved from Cement Works, Effects of Sea- 
water on Cement, Cost of Cement Manufacture, &c., &c.) 

" A work calcnlated to be of great and extended utility."— CAemica? News. 

" lKrAi.DABLB to the Student, Architect, and Knsjineer."— 5uj7din^ News. 

'* A work of the greatest interest and usefulness, which appears at a very critical 
period of the Cement Trade." — Brit. Trade Jout-nal. 

" Will be nsefal to all interested la the uanueaoturb, use, and testing of CementB."— 
Snginetr. 
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Painting and Decorating: 

A Complete Practical Mamual for House 
Painters and Decorators. 

EmbraciiLg the Use of Materials, Tools, and Appliances; the 

Practical Processes involved ; and the General Principles 

of Decoration, Colonr, and Ornament. 

BT 

WALTER JOHN PEARCE, 

LBCTUBKB AT THB HANCHESTEB TECHNICAL SCHOOL FOR HOnBU-PAlHTINa AMD DEGOBATDTa. 

In Crown 8vo. extra. With Numerous Illustrations and Plates 
(some in Colours), including Original Designs. 12s. 6d. 



GENERAL CONTENTS. 

Introduction — Workshop and Stores— Plant and Appliances — Brashes and 
Tools— Materials : Pigments, Driers, Painters' Oils— Wall Hangings — Paper 
Hanging— Colour Mixing — Distempering — Plain Painting — Staining— Varnish 
and Varnishing — Imitative Painting — Graining — Marbling — Gilding — Sigp- 
Writing and Lettering — Decoration : General Principles — Decoration in Dis- 
temper — Painted Decoration — Relievo Decoration — Colour — Measuring and 
Estimating — Coach-Painting — Ship-Painting. 



"A THOROUGHLY USEFUL BOOK . . . gives GOOD, SOUND, FKJLOTICAX. 

INFOEMATION in a CLEAR and CONCISE FORM. . . . Can be confidently 
recommended alike to Student and Workman, as well as to those carrying on 
business as House -Painters and Decorators." — Plumber and Decorator. 

"A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . So FULL and 
OOMPLBTE that it would be difficult to imagine how anjMihing further could be 
added about the Painter's craft." — Builders' Journal. 



*,* Mb. Pearce's work is the outcome of many years' practical ex- 
perience, and will be found invaluable by all interested in the subjects 
of which it treats. It forms the Companion-Volume to Mr. Gbo. Hubst's 
well-known work on " Painters' Colours " (see p. 76). 



LONDON : CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND. 



78 CHARLES ORIFFIN i CO.'S PUBLICATIONS. 



In Large 8vo. Handsome Cloth. Price 21b. 

BREWING: 

THE PRINCIPLES AND PRACTICE OF. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

BY 

WA.LTER J. SYKES, M.D., D.P.H., RLC, 

EDITOR OF "THE ANALYST." 

With Plate and Illustrations. 

*' A volume of Brewing Science, which has lonfe' been awaited. . . . We consider it ouc 
of THE sroST COMPIBTB in CONTENTS and NOVEL IN ABRANGBMBHT that has yet been published, 
. Will command a large sale."— rAe Brewers' Jowrnal. 

"The appearance of a work such as this serves to remind us of the ENORMOcaiT rapid- 
ADVAHCBS made in our knowledge of the Scientific Principles underlying the Brewing Processes. 
... Dr. Sykes' work will undoubtedly be of the greatest assistancb, not merely to Brewers, 
but to all Chemists and Biologists interested in the problems which the Fermentation industries 
present."— IVie AnaVy»t. 

" The publication of Dr. Stkbs' masterly treatise on the art of Brewing is quite an event 
in the Brewing World. . . . Deserves our warmewb praise. . .. A better guide than Dr. 
Sykes could hardly be found."— Cwm(i/ Brewers' Oazette. 

GENERAL CONTENTS. 

I. Physical Principles involved In Brewing Operations : Heat: The Ther- 
mometer— Specific Heat— Latent Heat— Evaijoration— Density and Specific Gravity— Hydro- 
meters, Chemistry, with special reference to the materials used in Brewing. 

II. The Microscope : General Description of the— Microscopical Manipulation 

—Examination of Yeast— Hanifinp-Drop Method— Examination of Bacteria— Microscopical 
Preparations— Bacteriological Methods— Bacteriological Examination of Water— Hansen's 
Method— Wlchmann's Method- Bacteriological Examination of Air. Vegetable Biology : 
The Living Cell— Osmosis— The Yeasts— The Mycoderms— The Torula, &c.— The Bacteria- 
Fermentation and PntrefactioD— Bacteriam terrao- Butyric Acid Bacteria, &c.— The Mould 
Fungi— Mucor mucedo, Ac- Simple Multicellular Organisms— Penicillium glaucura, Ac- 
Mould Fungi Dangerous on Brewing Premises— The Higher Plants— Germination of Barley— 
Structure of Barleycorn. Fermentation : Ancient— Views of Liebig on— The Physiological 
Theory— Doctrine of Spontaneous Evolution— Sterilisation of Organic Fluids— CompetitioM 
amongst Micro-Organ ism s-D is tribution of Atmospheric Germs- Hansen's Investigation n 
on the Air of Breweries— Pasteur's Experiments and Theory— Other Theories of Fermentation 
—Investigations of Hanpen— Pure Cultures from a Single Cell— Introduction of Pure Yeast 
Cultures into the Brewery— Hani-en's and other Pure Yeast Cultivation Apparatus— Advan- 
tages of Hansen's Pure Single-Cell Yeast— Differences in the Action of the various Yeasts. 

III. Water: Occurrence and Composition of— Results of Analysis of— Hardness- 
Waters Suitable for the Production of DifTerent Classes of Ale— Artificial Treatment of 
Waters— Kainit— Influence of Boiling- Organic Constitution- Effect of Filtration— Methodw 
of Water Analysis— Microscopic Examination of Water Sediments. Barley and Malting : 
Barley— Choice oi— Vitality— Age— Malting— Steepings-Steep-Water— termination of Barley 
— Flooring — Sprinkling — Withering — Pneumatic Malting — Galland's System — Saladln's- 
Hemming's- Drying Kiln— Changes Effected In Drying— Storage— Chemical Examination 
of Barley— Malt Substitutes- Quality of Malt— Chemical Examination of Malt— Ready-formed 
Sugars— Mai tol. BreWfery Plant : Gravitation Brewery— Cold and Hot Liquor Backs- 
Malt Mill— Mash Tun, &c.—CopperR-CoolerB— Refrigerators— Collecting and Fermenting 
Vessels- Burton Union System— Attemperators— Parachutes— Racking Squares— Vats and 
Casks. Brewing : Estimation of Quantities tor the Brew—Amount of Liquor Required- 
Hardening Materials— Mushing— Ubc of Subsidiary Apparatus— Black Beers- Sparging— 
Boiling- Action of Hop-tannin Bodies— Cooling— Refrigerating— Collection of Wort— Extract 
Yielded— fermentation— Addition of If east— Chance of Yeast- Fermentation Temperatures— 
Dreasin g— Appearance of Heads- Cleansing System— Stone Square, System— Settling and 
Racking— Dry Hopping— Secondary Fermentation— Priming— Antiseptics— Fining— Bottleri 
Ales and Bottling. Beer and Its Diseases : Flavour and Aroma- Condition— Palare 
Fulness- Head— Brightness— Turbidity— RopinesB-Bibliograpliy— Appendices ; Solution 
Weight and Solution Factor— Specltic Rotatory Power-The Law of^Deflnite Relation^" 
Alcoholic Fermentation without YeaPt-Cells— Fermentation in a Vacuum— Index. 
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In Large 8vo. Handsome Cloth. With numerous Illustrations. 

TECHNICAL MYCOLOGY: 

THE UTILIZATION OF MICRO-ORGANISMS IN THE 

ARTS AND MANUFACTURES. 

A Practical Handbook on Fermentation and Fermentative Pro- 
cesses for the Use of Brewers and Distillers, Analysts, 
Technical and Agricultural Chemists, and all' 
interested in the Industries dependent 
on Fermentation. 

By Dr. FRANZ LAFAR, 

Profeesor of Fermentation-Physiology aud IBacterioloyy in tiie Technical 
High School, Vienna. 

With an Introduction by Dk. EMIL CHR. HANSEN, Principal of the 
Carlsberg Laboratory, Copenhagen. 

Translated by CHARLES T. C. SALTER. 

In Two Volumes, sold Separately. 



Vol. I. now Ready. Complete in Itself. Price 15s. 



-The flrst work of tho kind wbicli can lay claim to completeness m the treatment or 
& faioinating subieot. The plan is admirable, the classifloatiou simple, the style is good, 
and the tendency o( the whole volume is to convoy sure information to the reader. — 
Lancet. 

" We cannot suffloiently praise Dr. Latar's work nor that of his admirable translator. 
No brewer with a love for hie calling can allow such a book to be absent from his library. 
— Bretcer's Journal, New York. 

"We can most cordially recommend Dr. Lalars volume lo tho Members of onr pro- 
fession . . . This treatise will supply a want lelt in many induslries . No one 
will fail to observe how well Mr. Salter has done his work. The publishers have folly 
maintained their reputation as regards printing, binding, and excellence of paper. — 
C/ieJtiical News. 

«.• The publishers trust that before long they will be able to present Enplish readers 
with the second volume of the above work, arrangements having been concluded whei-eby, 
upon its appearance in Germany the Knglish translation will be at onco put in hand. 
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WORKS BY DE. ALDEB WRIGHT, F.R.S. 

Fixed Oils, Fats, Butters, 
and Waxes: 

THEIR PREPARATION AND PROPERTIES, 

AND THE 

WIANUFACTURE THEREFROM OF CANDLES, 
SOAPS, AND OTHER PRODUCTS. 

BY 

C. R. ALDER WRIGHT, D.Sc, F.R,S., 

late Lecturer on Chemistry, St. Mar/s Hospital Medical School; Examiner in "Soap** 
to the City and Guilds of London Institute. 

In Large 8vo, Handsome Cloth. With 144 Illustrations. 28s. 

•* Dr. Wright's work will be found absolutely indispensable by every Chemist. 
Teems with information valuable alike to the Analyst and the Technical Chemist."— 
The Analyst. 

"Will rank as the Standard English Authority on Oils and Fats for 
years to come." — industries and Iron.. 



At Press, Important New Worh, 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AND ON THE 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, F.I.O., F.C.S., 

Chemist to the Midland Railway Gompany, 
AND 

R. MOUNTFORD DEELEY, M.I.M.E., F.G.S., 

Midland Hallway Locomotive Department. 

*.,* This work will deal in an exhaustive manner with everything 
APEETAiNiNG TO THE SUBJECT of whioh it treats. It contains a large, amonnt 
<}f valuable information respecting the sounOES and preparation of lubri- 
cants, together with COPIOUS directions for their chemical and mechanioal 
valuation, and for the detection of foreign substances and adulterants 
<3ENBRALLY, information which has hitherto only existed in a scattered and 
fragmentary condition in the "Proceedings" and "Transactions" of Learned 
Societies, and is now rendered available for the first time in a ststematiskd 

AND convenient FORM. 
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§10. THE TEXTILE INDUSTRIES. 



" The K08T TALDABLK and usEVUL WOBK On I>Tetng that has yet appeared in the KngHrii 
lanfniAge . . • likely to be thb Stahdabo wobk or BancKEacB for years to come." — 
TtxtiU Mercury. 

In Two Large 8vo Volumes, 920 
pp., with a SUPPLEMENTARY 
Volume, containing Specimens 
of Dyed Fabrics. 45s. 



MANUAL OF DYEING: 

fOU THE USB OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 




E. KNECHT, Ph.D., F.I.C., CHR. RAWSON, F.I.C., F.C.S., 

Tj mad Dyeing Departmeat of Late Head of the Cbemistzy an 
, Uancheater; Editor ot "Th« of the Technical College, Bi 

T Ot Dyers and ColourisU ; " Council of the Society of Dyen 

And RICHARD LOEWENTHAL, Ph.D. 



Head of the Chemistry and Dyeing Departmeat of Late Head of the Chemistry and Dyeing Department 
the Technical School, Uancheater; Editor of "The of the Technical College, Bradford ; Hember oC 

Joomal of the Society ot Dyers and ColourisU ; " Council of the Society of Dyers and Colooiirte ; 



GrENERAL CONTENTS. — Chemical Technology of the Textile Fabrics — 
Water — Washing and Bleaching — Acids, Alkalies, Mordants — Natural 
Colouring Matters — Artificial Organic Colouring Matters— Mineral Colours 
— Machinery used in Dyeing — Tinctorial Properties of Colouring Matters — 
Analysis and Valuation of Materials used in Dyeing, &c., &c. 

" This MOST VALUABLE WOBK . . Will be Widely appreciated."— CAemica/ New*. 

'* This aatboritative and exhaustive work . . the host couplbtb we have yet seen 
on the BobJBCi."— Textile Matmfaeturer. 

" The HOST BXBACSTiVB and completk wobk on the eabject extant" — Textile Seeordtr. 

" The distingnlBhed authore have placed in the handa of those daily engaged in the dye- 
tioafie or laboratory a work of bxtbeub yalitb and nNDOHBTBD UTnjTT . . . appMls 
<inickly to the technologist, colonr chemist, dyer, and more particularly to the rising dyer 
of the present generation. A book which it is refreshing to meet with.'^— J.fn<rtoas Textile 
Record. 
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Companion-Volume to Kneoht and Rawson's '•Dyeing. " 

TEXTILE PRINTING: 

A PBACTICAL MANUAL. 

Including the Processes Used in the Printing of 
COTTON, "WOOLLEN, SILK, and HALF- 
SILK FABKICS. 



C. F. SEYMOUR ROTHWELL, F.C.S., 

Mem. 3oe. of Chemical Industries; late Lecturer at the Municipal Technical School, 
Manchester, 

In Large 8vo, with Illustrations and Printed Patterns. Price 21s. 



GENERAL CONTENTS. 



Introduction. 

The Machinery Used in Textile 

Printing. 
Thickeners and Mordants. 
The Printing of Cotton Goods. 
The Steam Style. 
Colours Produced Directly on the 

Fibre. 
Dyed Styles. 



Padding Style. 

Resist and Discharge Styles. 

The Printing of Compound 

Colourings, &c. 
The Printing of Woollen Goods. 
The Printing of Silk Goods. 
Practical Eeoipes for Printing- 
Appendix. 
Useful Tables. 



Patterns. 



" Bt fak thk Biiar and most practical book on textile phinting which has yet been 
brought out, and will loog remain the Htandftrd work on the subject It is essentially 
practical in character." — Textile Mercury. 

" The most practical manual of textile pbintiso which has yet appeared. We ha-pO' 
no hesitation in recommending it" — The Textile Manufacturer. 

*' Undodbtedlv Mr. Kothwell's book is the best which bai appeared on tkxtilk 
printing, and worthily (orms a Companion-Volume to ' A Manual on Dyeing.' *'—The Dyer 
and Calico Printer. 
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Large 8vo. Handsome Cloth. 12b. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 
Practical Men. 

By GEORGE DUERE, 

Director of the Bleaching, Dyeing, and Printing Department at the Accrington and Bacap 
Technical Schools ; Ohemist and Colouriat at the Irwell Print WorliB. 

Assisted by WILLIAM TURNBULL 

(or Turnbull & Stoclcdale, Limited). 

With Illustrations and upwards of One Hundred Dyed and Printed Patterns 
designed specially to show various Stages of the Processes described. 

GENERAL CONTENTS. —Cotton, Composition' of; Bleaching, New 
Processes ; Printing, Hand-Block ; riat-Press Work ; Machine Printing— 
Mordants— Styles of Calico-Pbinting : The Dyed or Madder Style, Resist 
Padded Style, Discharge and Extract Style, Chromed or Raised Colours, 
Insoluble Colours, &c. — Thickeners — Natural Organic Colouring Matters 
— Tannin Matters — Oils, Soaps, Solvents — Organic Acids— Salts— Mineral 
Colours— Coal Tar Colours— Dyeing— Water, Softening of— Theory of;,Colours 
— ^Weights and Measures, &c. 

" Wlien a bbadt way out of a difficulty Is wanted, it is in books lies this tliat It is fonnd.'— 
TtxtUe ReooriUr. .... 

"Mr. Dukbr's TffOEK will bo found M03T UBEPUL. . . . The information given IS of 0RBA« 
VALOB. . . . The Recipes arc THoaouoHLT peactical."— rea:(z7« Manv/aciurer. 



GARMENT 
DYEING AND CLEANING. 

A Ppactical Book for Practical Men. 
By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry. 
With Numerous Illustrations. 4s. 6fl. 

Geneuai, Contents. — Technology of the Textile Fibres— Garment Cleaning 
— Dyeing of Textile Fabrics— Bleaching— Finishing of Dyed and Cleaned Fabrics- 
Scorning and Dyeing of Skin Rugs and Mats— Cleaning and Dyeing of Feathers- 
Glove Cleaning and Dyeing— Straw Bleaching and Dyeing— Glossary of Drugs 
and Chemicals — Useful Tables. 

" An up-TO-DATB hand book has long been wanted, and Mr. Hurst has done nothing 
more complete than this. An important work, the more so that several of the branches of 
tiie craft here treated upon are almost entirely without English Manuals for the guidance 
of worlters. The price brings it v.ithii the reach of all."— ZJyf r and Calico- Printer. 

" Mr. Hurst's worK decidedly fills a v/ant . . ought to be in the handa of 
BVBRY GARMENT DYER and clcaner in the Kingdom"— y^jr/iVir Mercitry. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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Sixteenth A nnual Issue. Handsome cloth, 78. 6d . 
THE OFFICIAL YEAR-BOOK 

OF TH« 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 

COMFIIiED FKOM OFFIOIAL SOUBCES. 
Comprising (together with other Official Information) LISTS of the 
PAPERS read during 1898 before all the LEADING SOCIETIES throughout 
the Kingdom engaged in the following Departments of Research i— 

1 1. Science Generally : I'.f., Societies occupy- 
ing themselves with several Branches of 



Science, or with Science and Literature 



$ 6. Economic Science and Statistics. 
\ 7. Mechanical Science, Engineering, and 
Architectur«. 



Jointly. j } 8. Naval and Military Science. 

la. Mathematics and Physics. 



1 3. Chemistry and Photography. 

1 4. Geology, Geography^ and Mineralogy. 

1 5. Biology, including Micrcscopy and An- 

thropology. 



\ 9, Agriculture and Horticulture. 

§ 10. Law. 

} IX. Literature. 

\ 12. Psychology. 

i 13. Archaeology. 



\ 14. Medicine. 

"'The Year-Book of Societies' fills a very real want." — 
Engimering, 

" Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh Medical 
fournaL 

" The Yeak-Book of SocmTiBS is a Record which ought to be of the greatest use for 
the progress of Science." — Z.grff Pia^f'^ir^ F.R.S., K.C.B., M.P,, Past-President of the 
British Assodatxon. 

" It goes almost without saying that a Handbook of this subject will be in time 
one of the most generally useful works for the library or the desk." — The Tiffces. 

"British Societies are now well repreaentea In the 'Year-Book of the Scientific and 
Learned Societies of Great Britain and Ireland.'" — (Art. "Societies" in New Edition of 
"Encyclopaedia Britannica," vol. xxii.) 



Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the following Issues. 



The YEAR-BOOK OF SOCIETIES forms a complete index to 
THE scientific WORK of the year in the various Departments. 
It is used as a ready Handbook in all our great Scientific 
Centres, Museums, and Libraries throughout the Kingdom, 
and has become an indispensable book of reference to every 
one engaged in Scientific Work. 

LOMDON: CHARLES GRIFFIN & CO,, LIMITED, EXETER STREET, STRAND. 



PRACTICAL USmCAL HANDBOOKS. 85 

Fifth Edition, Thoroughly Revised and Enlarged. With 
Additional Illustrations. Price 6s. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

Ftllcw. Mem. Council^ and Examiner^ Sanitary Institute of Great Britain, 
and Medical Officer tt the Staffordshire County Council. 

Witb an Bppen^i£ on Sanitarg law. 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Medical Officer of Health for the County Borough of ]Vest Bronvwich. 

General Contents. — Introduction — Water Supply: Drinking Water, 
Pollution of Water — Ventilation and Warming — Principles of Sewage 
Removal — Details of Drainage ; Refuse Removal and Disposal — Sanitary 
and Insanitary Work and Appliances — Details of Plumbers Work — House 
Construction — Infection and Disinfection — Food, Inspection of ; Charac- 
teristics of Good Meat ; Meat, Milk, Fish, &c., unfit for Human Food — 
Appendix : Sanitary Law ; Model Bye-Laws, &c. 

"Dr; Reid's very useful Manual . . . abounds in practical detail." 
— British Medical Journal. 

" A VERY USEFUL HANDBOOK, with a very useful Appendix, We recommend 
It not only to SANITARY INSPECTORS, but to Householders and all interested 
in Sanitary matters." — Sanitary Record. 



Third Edition, Revised. Large Crown Svo. Handsome Cloth, ii. 

A MANUAL OF AMBULANCE. 



By J. SOOTT EIDDELL, CM., M.B., M.A., 

wt. -Surgeon, Aberdeen Royal Inflrmaiy; Lecturer and Examiner to the 

bulance Asaociation ; Examiner to the St. Andrew's Ambulance AssociatI 

Qlaagow, and the St. John Ambulance Associatiou, London. 

With Numerous llluBtrations and Full Page Plates. 



General Contents. — Outlines of Human Anatomy and Physiology — 
The Triangular Bandage and its Uses — The KoUer Bandage and its Use* 
— Fracturea — Dislocations and Sprains — Haemorrhage — Wounds — Insensi- 
bility and Fits — Asphyxia and Drowning— Sufiocation — Poisoning— Bums, 
Frost-bite, and Sunstroke — Removal of Foreign Bodies from (a) The Eye ; 
(6) The Ear; (c) The Nose; (d) The Throat; (e) The Tissues— Ambulanc© 
Transport and Stretcher Drill — The After-treatment of Ambulance Patients 
— Organisation and Management of Ambulance Classes — Appendix : Ex- 
amination Papers on First Aid. 

'*A CAPITAL BOOK. . . . Tbo dirootloni are short and clbab, and testify to th« 
hand of an able surgeon." — Edin. Mtd. Journal. 

** This little volume seems to ns about as good as it couldposBibly be. . . . Containa 
practloally every piece of information necessary to render First aid. . . . Should find 
m place in bvbbt bodsshold jASB-kRY."— Daily Chronicle. 

" So ADHiRABLB Is thls work , that it iB difficult to imagine how it could be better."— 
C^Uitry Guardian. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



GRIFFIN S "OPEN- AIR" SERIES. 

"Boys OODLD HOT HATE A MOKE ALLDEINO INTKODUOTION to SCientiflc pUTSUiU 

fchan these charming-looking volutnes."— Letter to the Publishers Irom the Head- 
master of one of our great Public Schools. 

OPUm STUDIES IK BOTflHV: 

SKETCHES OP BRITISH WILD FLOWERS 
IN THEIR HOMES. 

'by 

R. LLOYD PRAEGER, B.A., M.R.LA. 

Illustrated by Drawings from Nature by S. Rosamond Praeger, 
and Photographs by R. Welch. 

Handsome Cloth, 7s. 6d. Gilt, for Presentation, 8s. 6d. 

Oeneral Contents. — A Daisy-Starred Pasture — Under the Hawthorns 
— By the Kiver — Along the Shingle — A Fragrant Hedgerow — A Connemara 
Bog — Where the Samphire grows — A Flowery Meadow — Among the Com 
(a Study in Weeds)— In the Home of the Alpines — A City Rubbish-Heap — 

•Grloasary. 

" A FRESH AND STIMULATING book . . should take a high place . . The 
illustrations are drai.Ti with much skill." — The Timeg. 

'* Beautifully illustrated. . . . One of the most accurate as well aa 
INTERESTING books of the kind we have seen." — AtliencBum. 

"Redolent with the scent of woodland and meadow," — The Standard. 

"A Series of stimulating and DELIGHTFUL Chapters on Field-Botany."— Tft* 
Scotsman. 

"A work as FRESH in many ways as the flowers themselves of which it treats. The 
BIOH STORK of information which the book contains . ."—The Garden. 



OPEH-fllH STUDIES III GEOIiOGY: 

An Intpoduetion to Geology Out-of-doors. 

BY 

GRENVILLE A. J. COLE, F.G.S., M.R.I.A., 

Professor of Geology in the E^yal College of Science for Ireland. 

With 12 Full-Page tUustrationa from Photographs. Cloth. Ss. 6d. 

General Contents. — The Materials of the Earth — A Mountain Hollow 
— Down the Valley — Along the Shore — Across the Plains— Bead Volcanoei 
—A Granite Highland— The Annala of the Earth— The Surrey Hills— The 
Folds of the Mountains. 

"The FASCINATING ' O PEN- A IB STUDIES ' of Phof. Gole give the subject a glow ow 
ANIMATION . , . cannot fail to arouse keen interest in geology."— Ceo /ogrica/ Maganne. 

"Eminently readable . . . every small detail in a scene touched with a iym- 
pathetic kindly pen that reminds one of the lingering brush of a Constable."— JV^trture. 

"The work of Prof. Cole combines elegance of style with bcientifio thoboughnbsb." 

Petermann's Mittheilungen. 

" Tbe book is worthy of its title : from cover to cover it is btbong with bracing freshneBv 
of the mountain and the field, while its acgubaoy and THORonoHNSss show that it is tha 
work of an earnest and conscientious student. . . Full of picturesque toachei which 
*re most welcome." — Natural Science. 

" A CHABMiNQ BOOK, beautifully illustrated."'— .4Mc»««m. 

LONDON: CHARLES GRIFFIN & CO., LIMITEO- EXETER STREET, STRAHdT^ 



